PC-DIO-24

User M anual

Digital 1/0O Board for the IBM PC/XT/AT

September 1995 Edition
Part Number 320288B-01

© Copyright 1989, 1995 National I nstruments Cor por ation.
All Rights Reserved.



National Instruments Corporate Headquarters
6504 Bridge Point Parkway
Austin, TX 78730-5039
(512) 794-0100
Technical support fax:  (800) 328-2203
(512) 794-5678

Branch Offices:

Australia 03 9 879 9422, Austria 0662 45 79 90 0, Belgium 02 757 00 20, Canada (Ontario) 519 622 9310,
Canada (Québec) 514 694 8521, Denmark 45 76 26 00, Finland 90 527 2321, France 1 48 14 24 24,

Germany 089 741 31 30, Hong Kong 2645 3186, Italy 02 48301892, Japan 03 5472 2970, Korea 02 596 7456,
Mexico 5 202 2544, Netherlands 03480 33466, Norway 32 84 84 00, Singapore 2265886, Spain 91 640 0085,
Sweden 08 730 49 70, Switzerland 056 20 51 51, Taiwan 02 377 1200, U.K. 01635 523545



Limited Warranty

The PC-DI0-24 iswarranted against defects in materials and workmanship for a period of one year from the date of
shipment, as evidenced by receipts or other documentation. National Instrumentswill, at its option, repair or replace
equipment that proves to be defective during the warranty period. Thiswarranty includes parts and labor.

The media on which you receive National Instruments software are warranted not to fail to execute programming
instructions, due to defects in materials and workmanship, for a period of 90 days from date of shipment, as
evidenced by receipts or other documentation. National Instrumentswill, at its option, repair or replace software
media that do not execute programming instructions if National Instruments receives notice of such defects during
the warranty period. National Instruments does not warrant that the operation of the software shall be uninterrupted
or error free.

A Return Material Authorization (RMA) number must be obtained from the factory and clearly marked on the
outside of the package before any equipment will be accepted for warranty work. National Instruments will pay the
shipping costs of returning to the owner parts which are covered by warranty.

National Instruments believes that the information in this manual is accurate. The document has been carefully
reviewed for technical accuracy. In the event that technical or typographical errors exist, National Instruments
reserves the right to make changes to subsequent editions of this document without prior notice to holders of this
edition. The reader should consult National Instrumentsif errors are suspected. In no event shall National
Instruments be liable for any damages arising out of or related to this document or the information contained in it.

EXCEPT AS SPECIFIED HEREIN, NATIONAL INSTRUMENTS MAKES NO WARRANTIES, EXPRESS OR
IMPLIED, AND SPECIFICALLY DISCLAIMSANY WARRANTY OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE. CUSTOMER'SRIGHT TO RECOVER DAMAGES CAUSED BY FAULT
OR NEGLIGENCE ON THE PART OF NATIONAL INSTRUMENTS SHALL BE LIMITED TO THE AMOUNT
THERETOFORE PAID BY THE CUSTOMER. NATIONAL INSTRUMENTSWILL NOT BE LIABLE FOR
DAMAGES RESULTING FROM LOSS OF DATA, PROFITS, USE OF PRODUCTS, OR INCIDENTAL OR
CONSEQUENTIAL DAMAGES, EVEN IF ADVISED OF THE POSSIBILITY THEREOF. Thislimitation of the
liability of National Instrumentswill apply regardless of the form of action, whether in contract or tort, including
negligence. Any action against National Instruments must be brought within one year after the cause of action
accrues. National Instruments shall not be liable for any delay in performance due to causes beyond its reasonable
control. The warranty provided herein does not cover damages, defects, malfunctions, or service failures caused by
owner'sfailure to follow the National Instruments installation, operation, or maintenance instructions; owner's
maodification of the product; owner's abuse, misuse, or negligent acts; and power failure or surges, fire, flood,
accident, actions of third parties, or other events outside reasonable control.

Copyright

Under the copyright laws, this publication may not be reproduced or transmitted in any form, electronic or
mechanical, including photocopying, recording, storing in an information retrieval system, or translating, in whole or
in part, without the prior written consent of National Instruments Corporation.

Trademarks

LabVIEW® and NI-DAQ® are trademarks of National Instruments Corporation.

Product and company names listed are trademarks or trade names of their respective companies.



WARNING REGARDING MEDICAL AND CLINICAL USE
OF NATIONAL INSTRUMENTSPRODUCTS

National Instruments products are not designed with components and testing intended to ensure alevel of reliability
suitable for use in treatment and diagnosis of humans. Applications of National Instruments products involving
medical or clinical treatment can create a potential for accidental injury caused by product failure, or by errors on the
part of the user or application designer. Any use or application of National Instruments products for or involving
medical or clinical treatment must be performed by properly trained and qualified medical personnel, and all
traditional medical safeguards, equipment, and procedures that are appropriate in the particular situation to prevent
serious injury or death should always continue to be used when National Instruments products are being used.
National Instruments products are NOT intended to be a substitute for any form of established process, procedure, or
equipment used to monitor or safeguard human health and safety in medical or clinical treatment.



FCC/DOC Radio Frequency Interference Compliance

This equipment generates and uses radio frequency energy and, if not installed and used in strict accordance with the
instructions in this manual, may cause interference to radio and television reception. This equipment has been tested
and found to comply with the following two regul atory agencies:

Federal Communications Commission

This device complies with Part 15 of the Federal Communications Commission (FCC) Rulesfor a Class A digital
device. Operation is subject to the following two conditions:

1. Thisdevice may not cause harmful interference in commercial environments.

2. Thisdevice must accept any interference received, including interference that may cause undesired operation.

Canadian Department of Communications

This device complies with the limits for radio noise emissions from digital apparatus set out in the Radio
Interference Regulations of the Canadian Department of Communications (DOC).

L e présent appareil numérique n’ émet pas de bruits radioél ectriques dépassant les limites applicables aux appareils

numeériques de classe A prescrites dans le réglement sur |e brouillage radioél ectrique édicté par |e ministére des
communications du Canada.

Instructionsto Users

These regulations are designed to provide reasonabl e protection against harmful interference from the equipment to
radio reception in commercial areas. Operation of this equipment in aresidential areaislikely to cause harmful
interference, in which case the user will be required to correct the interference at his own expense.

There is no guarantee that interference will not occur in aparticular installation. However, the chances of
interference are much lessif the equipment isinstalled and used according to this instruction manual.

If the equipment does cause interference to radio or television reception, which can be determined by turning the
equipment on and off, one or more of the following suggestions may reduce or eliminate the problem.

e Operate the equipment and the receiver on different branches of your AC electrical system.
*  Movethe equipment away from the receiver with which it isinterfering.
» Reorient or relocate the receiver’ s antenna.

» Besurethat the equipment is plugged into a grounded outlet and that the grounding has not been defeated with a
cheater plug.

Noticetouser: Changes or modifications not expressly approved by National Instruments could void the user’s
authority to operate the equipment under the FCC Rules.

If necessary, consult National Instruments or an experienced radio/television technician for additional suggestions.
The following booklet prepared by the FCC may aso be helpful: How to Identify and Resolve Radio-TV
Interference Problems. Thisbooklet is available from the U.S. Government Printing Office, Washington, DC
20402, Stock Number 004-000-00345-4.
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About ThisManual

This manual describes the mechanical and electrical aspects of the PC-DIO-24 and contains
information concerning its operation and programming. The PC-DIO-24 is a 24-bit parallel,
digital 1/0 interface designed around an 82C55A programmable peripheral interface (PPl). The
PC-DIO-24 isamember of the National Instruments PC Series of PC 1/0 Channel expansion
boards for the IBM PC computer family. These boards are designed for low-cost data acquisition
and control for applications in laboratory testing, production testing, and industrial process
monitoring and control.

This manual describes installation, basic programming considerations, and theory of operation
for the PC-DIO-24. The example programs included are written in C.

Organization of ThisManual

The PC-DI0O-24 User Manual is organized as follows:

» Chapter 1, Introduction, describes the PC-DI10-24, lists what you need to get started,
describes software programming choices, optional equipment, and custom cables, and
explains how to unpack the PC-DI10O-24.

» Chapter 2, Configuration and Installation, describes how to configure and install the
PC-DIO-24, including 1/0 connector signal descriptions, handshake timing diagrams, and
cabling instructions.

» Chapter 3, Theory of Operation, contains afunctional overview of the PC-DIO-24 board and
explains the operation of each functional unit making up the PC-DIO-24.

» Chapter 4, Register-Level Programming, describesin detail the address and function of each
of the PC-DI0O-24 control and status registers. This chapter also includes important
information related to register-level programming the PC-DI10O-24.

* Appendix A, Specifications, lists the specifications for the PC-DIO-24 board.

» Appendix B, 1/0 Connector, describes the pinout and signal names for the 1/0 connector on
the PC-DIO-24.

* Appendix C, OKI 82C55A Data Sheet, contains the manufacturer data sheet for the
OKI1 82C55A (OKI Semiconductor) CMOS programmable peripheral interface. This
interface is used on the PC-DI10-24 board.

* Appendix D, Customer Communication, contains forms you can use to request help from
National Instruments or to comment on our products.

* The Glossary contains an aphabetical list and description of terms used in this manual,
including abbreviations, acronyms, metric prefixes, mnemonics, symbols, and terms.

© National Instruments Corporation xi PC-DIO-24 User Manual



About This Manual

* The Index aphabetically lists the topics in this manual, including the page where you can
find each one.

ConventionsUsed in This Manual

The following conventions are used in this manual.

bold Bold text denotes menus, menu items, or dialog box buttons or options.

bold italic Bold italic text denotes a note, caution, or warning.

italic Italic text denotes emphasis, a cross reference, or an introduction to akey
concept.

nonospace L owercase text in this font denotes text or charactersthat are to be literally

input from the keyboard, sections of code, programming examples, and
syntax examples. Thisfont isalso used for the proper names of disk
drives, paths, directories, programs, subprograms, subroutines, device
names, functions, variables, filenames, and extensions, and for statements
and comments taken from program code.

NI-DAQ NI-DAQ refersto the NI-DAQ software for PC compatibles unless
otherwise noted.

PC PC refersto the IBM PC/XT, the IBM PC AT, and compatible computers
unless otherwise noted.

SCXI SCXI1 stands for Signal Conditioning eXtensions for Instrumentation and
isaNational Instruments product line designed to perform front-end signal
conditioning for National Instruments plug-in DAQ boards.

<> Angle brackets containing numbers separated by an ellipses represent a
range, signal, or port (for example, ACH<O..7> stands for ACHO through
ACH?7).

Abbreviations, acronyms, metric prefixes, mnemonics, and symbols are listed in the Glossary.

National | nstruments Documentation

The PC-DIO-24 User Manual is one piece of the documentation set for your data acquisition
(DAQ) system. You could have any of several types of manuals, depending on the hardware and
software in your system. Use the different types of manuals you have as follows:

» Getting Sarted with SCXI—If you are using SCXI, thisis the first manual you should read.

It gives an overview of the SCXI system and contains the most commonly needed
information for the modules, chassis, and software.

PC-DIO-24 User Manual xii © National Instruments Corporation



About This Manual

* Your SCXI hardware user manuals—If you are using SCXI, read these manuals next for
detailed information about signal connections and module configuration. They also explain
in greater detail how the module works and contain application hints.

* Your DAQ hardware user manuals—These manuals have detailed information about the
DAQ hardware that plugsinto or is connected to your computer. Use these manuals for
hardware installation and configuration instructions, specification information about your
DAQ hardware, and application hints.

» Software manuals—Examples of software manuals you may have are the LabVIEW and
LabWindows®/CVI manual sets and the NI-DAQ manuals (a4.6.1 or earlier version of
NI-DAQ supports LabWindows for DOS). After you set up your hardware system, use either
the application software (LabVIEW or LabWindows/CVI) manuals or the NI-DAQ manuals
to help you write your application. If you have alarge and complicated system, it is
worthwhile to look through the software manuals before you configure your hardware.

» Accessory installation guides or manuals—If you are using accessory products, read the
terminal block and cable assembly installation guides or accessory board user manuals. They
explain how to physically connect the relevant pieces of the system. Consult these guides
when you are making your connections.

» SCXI chassis manuals—If you are using SCXI, read these manuals for maintenance
information on the chassis and installation instructions.

Related Documentation

The following documents contain information that you may find helpful as you read this manual:
* IBM Personal Computer AT Technical Reference manual

* IBM Personal Computer XT Technical Reference manual

Customer Communication

National Instruments wants to receive your comments on our products and manuals. We are
interested in the applications you develop with our products, and we want to help if you have
problems with them. To make it easy for you to contact us, this manual contains comment and
configuration forms for you to complete. These formsarein Appendix D, Customer
Communication, at the end of this manual.

© National Instruments Corporation Xiii PC-DIO-24 User Manual



Chapter 1
| ntr oduction

This chapter describes the PC-DIO-24, lists what you need to get started, describes software
programming choices, optional equipment, and custom cables, and explains how to unpack the
PC-DIO-24.

About the PC-DIO-24

Thank you for purchasing the National Instruments PC-DIO-24. The PC-DIO-24 isalow cost,
24-bit parallel, digital 1/0 interface for the PC. An OKI 82C55A PPI controls the 24 bits of
digital 1/0. The 82C55A isvery flexible and powerful when interfacing with peripheral
equipment, can operate in either aunidirectiona or bidirectional bus mode, and can generate
interrupt request outputs. The 82C55A can be programmed for almost any 8-bit or 16-bit digital
1/O application. All digital I/0 isthrough a standard 50-pin male connector. The pin
assignments for this connector are compatible with standard 24-channel digital 1/0O applications.

The PC-DI10-24 can be used in awide range of digital 1/0 applications. With the PC-DIO-24, a
PC can be interfaced to any of the following.

*  Other computers

Another PC with aNational Instruments PC-DIO-24 or AT-DIO-32F

- IBM Personal System/2 with aNational Instruments MC-DIO-24 or MC-DIO-32F

Apple Macintosh Il with aNational Instruments NB-DIO-24 or NB-DIO-32F

Any other computer with an 8-bit or 16-bit parallel interface

» Centronics-compatible printers and plotters

* Panel meters

* Instruments and test equipment with BCD readouts and/or controls

* Opto-isolated solid-state relays (SSRs) and 1/0 module mounting racks

Note: The PC-DIO-24 cannot sink sufficient current to drive the SSR-OAC-5 and
SSR-OAC-5A output modules. However, it can drive the SSR-ODC-5 output module
and all SSR input modules available from National Instruments.

If you need to drive a SSR-OAC-5 or SSR-OAC-5A, you can either use a non-inverting
digital buffer chip between the PC-DIO-24 and the SSR backplane, or you can use a
DIO-23F or MIO Series board with appropriate connections (e.g., SC-205X and
cables).

© National Instruments Corporation 1-1 PC-DIO-24 User Manual



Introduction Chapter 1

With the PC-DI0O-24, the PC can serve asadigital 1/0 system controller for laboratory testing,
production testing, and industrial process monitoring and control.

Detailed specifications of the PC-DIO-24 are in Appendix A, Specifications.

What You Need to Get Started

To set up and use your PC-DI10-24, you will need the following:

] PC-DIO-24 board
] PC-DIO-24 User Manual

L] Oneof the following software packages and documentation:
NI-DAQ for PC compatibles
LabVIEW for Windows
LabWindows/CVI for Windows

[ Your computer

Softwar e Programming Choices

There are several options to choose from when programming your National Instruments DAQ
and SCXI hardware. You can use LabVIEW, LabWindows/CV1, or NI-DAQ. A 4.6.1 or earlier
version of NI-DAQ supports LabWindows for DOS.

LabVIEW and LabWindows/CVI Application Software

LabVIEW and LabWindows/CV1 are innovative program development software packages for
data acquisition and control applications. LabVIEW uses graphical programming, whereas
LabWindows/CVI enhances traditional programming languages. Both packages include
extensive libraries for data acquisition, instrument control, data analysis, and graphica data
presentation.

LabVIEW features interactive graphics, a state-of-the-art user interface, and a powerful graphical
programming language. The LabVIEW Data Acquisition VI Library, a series of VIsfor using
LabVIEW with National Instruments DAQ hardware, isincluded with LabVIEW. The LabVIEW
Data Acquisition VI Libraries are functionally equivalent to the NI-DAQ software.

LabWindows/CV| features interactive graphics, a state-of-the-art user interface, and uses the
ANSI standard C programming language. The LabWindows/CV| Data Acquisition Library, a
series of functions for using LabWindows/CV1 with National Instruments DAQ hardware, is
included with the NI-DAQ software kit. The LabWindows/CV1 Data Acquisition libraries are
functionally equivalent to the NI-DAQ software.

Using LabVIEW or LabWindows/CV | software will greatly reduce the development time for
your data acquisition and control application.

PC-DIO-24 User Manual 1-2 © National Instruments Corporation



Chapter 1 Introduction

NI-DAQ Driver Software

The NI-DAQ driver software isincluded at no charge with all National Instruments DAQ
hardware. NI-DAQ is not packaged with SCXI or accessory products, except for the SCX1-1200.
NI-DAQ has an extensive library of functions that you can call from your application
programming environment. These functions include routines for analog input (A/D conversion),
buffered data acquisition (high-speed A/D conversion), analog output (D/A conversion),
waveform generation, digital 1/0, counter/timer operations, SCXI, RTSI, self-calibration,
messaging, and acquiring data to extended memory.

NI-DAQ has both high-level DAQ 1/0 functions for maximum ease of use and low-level DAQ
1/O functions for maximum flexibility and performance. Examples of high-level functions are
streaming data to disk or acquiring a certain number of data points. An example of alow-level
function iswriting directly to registers on the DAQ device. NI-DAQ does not sacrifice the
performance of National Instruments DAQ devices because it lets multiple devices operate at
their peak performance.

NI-DAQ also internally addresses many of the complex issues between the computer and the
DAQ hardware such as programming interrupts and DMA controllers. NI-DAQ maintains a
consistent software interface among its different versions so that you can change platforms with
minimal modifications to your code. Figure 1-1 illustrates the relationship between NI-DAQ and
LabVIEW and LabWindows/CVI.

Conventional

Programming LabVIEW LabWindows/CVI

Environment (PC, Macintosh, or (PC or Sun
(PC, Macintosh, or Sun SPARCstation) SPARCstation)
Sun SPARCstation)

|

NI-DAQ
Driver Software
DAQ of Personal
D Computer or
SCXI Hardware Workstation

Figure 1-1. The Relationship between the Programming Environment,
NI-DAQ, and Y our Hardware

© National Instruments Corporation 1-3 PC-DIO-24 User Manual



Introduction Chapter 1

Register-Level Programming

The final option for programming any National Instruments DAQ hardware is to write register-
level software. Writing register-level programming software can be very time-consuming and
inefficient, and is not recommended for most users.

Even if you are an experienced register-level programmer, consider using NI-DAQ, LabVIEW,
or LabWindows/CV1 to program your National Instruments DAQ hardware. Using the NI-DAQ,
LabVIEW, or LabWindows/CV1 software is easier than, and as flexible as, register-level
programming, and can save weeks of development time.

Optional Equipment

National Instruments offers a variety of products to use with your PC-DIO-24 board, including
cables, connector blocks, and other accessories, as follows:

» Cablesand cable assemblies, shielded and ribbon
» Connector blocks, shielded and unshielded 50-pin screw terminals

» Signa conditioning eXtensions for Instrumentation (SCXI) modules and accessories for
isolating, amplifying, exciting, and multiplexing signals for relays and analog output. With
SCXI you can condition and acquire up to 3,072 channels.

* Low channel count signal conditioning modules, boards, and accessories, including
conditioning for strain gauges and RTDs, simultaneous sample and hole, and relays.

For more specific information about these products, refer to your National Instruments catalog or
call the office nearest you.

Custom Cables

National Instruments offers cables and accessories for you to prototype your application or to use
if you frequently change board interconnections.

If you want to develop your own cable, however, the following guidelines may be useful:

The PC-DI0O-24 1/0 connector is a 50-pin male ribbon-cable header. The manufacturer part
numbers used by National Instruments for this header are as follows:

» Electronic Products Division/3M (part number 3596-5002)
* T&B/Andey Corporation (part number 609-5007)

The mating connector for the PC-DIO-24 is a 50-position, polarized, ribbon socket connector
with strain relief. National Instruments uses a polarized (keyed) connector to prevent inadvertent
upside-down connection to the PC-DIO-24. Recommended manufacturer part numbers for this
mating connector are as follows:

PC-DIO-24 User Manual 1-4 © National Instruments Corporation



Chapter 1 Introduction

» Electronic Products Division/3M (part number 3425-7650)
» T&B/Ansley Corporation (part number 609-5041CE)

The standard ribbon cable (50-conductor, 28 AWG, stranded) that can be used with these
connectorsis as follows:

» Electronic Products Division/3M (part number 3365/50)
» T&B/Andey Corporation (part number 171-50)

Recommended manufacturer part numbers for the 50-pin edge connector for connecting to a
module rack with an edge connector are as follows:

» Electronic Products Division/3M (part number 3415-0001)
* T&B Andey Corporation (part number 609-5015M)

A polarizing key can be plugged into these edge connectors to prevent inadvertent upside-down
connection to the I/O module rack. Thelocation of this key varies from rack to rack. Consult
the specification for the rack you intend to use for the location of any polarizing key. The
recommended manufacturer part numbers for this polarizing key are as follows:

» Electronic Products Division/3M (part number 3439-2)
* T&B Andey Corporation (part number 609-0005)

If you plan to use the PC-DIO-24 for a communications application, you may need shielded
cables to meet FCC requirements. The PC-DIO-24 1/0 bracket has been designed so that the
shield of the I/0O cable can be grounded through the computer chassis when a mating connector
such asthe following is used:

* AMP Special Industries (part number 2-746483-2)

Many varieties of shielded ribbon cable are available to work with the mating connector listed
previously. One type of shielded cable encloses a standard ribbon cable with a shielded jacket.
Recommended manufacturers and the appropriate part numbers for this type of cable are as
follows:

» Belden Electronic Wire and Cable (part number 9L 28350)

* T&B/Ansley Corporation (part number 187-50)
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Unpacking

Y our PC-DI0-24 board is shipped in an antistatic package to prevent electrostatic damage to the
board. Electrostatic discharge can damage several components on the board. To avoid such
damage in handling the board, take the following precautions:

* Ground yourself viaagrounding strap or by holding a grounded object.

» Touch the antistatic package to ametal part of your PC chassis before removing the board
from the package.

* Remove the board from the package and inspect the board for loose components or any other
sign of damage. Notify National Instrumentsif the board appears damaged in any way. Do
not install a damaged board into your computer.

* Never touch the exposed pins of connectors.
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Chapter 2
Configuration and I nstallation

This chapter describes how to configure and install the PC-DIO-24, including 1/0O connector
signal descriptions, handshake timing diagrams, and cabling instructions.

Board Configuration

The PC-DIO-24 contains one DIP switch and two jumpers to configure the base I/O address and
interrupts, respectively. The PC-DIO-24 also contains one fuse to protect the +5 V power
output. Figure 2-1 shows the location of jumper sets W1 and W2, DIP switch U2, and the

fuse F1.

The PC-DIO-24 is configured at the factory to a base 1/0 address of hex 210, to use interrupt
enable line PC4, and to use interrupt level 5. These settings (shown in Table 2-1) are suitable for
most systems. However, if your system has other hardware at this base 1/0 address, interrupt
enable line, or interrupt level, you need to change these settings on the PC-DI10-24 (as described
in the following pages) or on the other hardware. Record your settings in the PC-DIO-24
Hardware and Software Configuration Formin Appendix D, Customer Communication.

Table 2-1. PC-DIO-24 Factory-Set Jumper and Switch Settings

Base /O Address Hex 210
(factory setting)

- |A9
| A8
Cmmw|A7
Cms|A6
Cmmo|AS
0| A4
Cmm~|A3
CEm»|A2

u2

(The black side indicates the side that

is pushed down.)
Interrupt Enable Line PC4 W1: Row PC4
(factory setting)
Interrupt Level Interrupt level 5 selected W2: IRQ5

(factory setting)
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Figure 2-1. PC-DIO-24 Parts Locator Diagram

Base I/O Address Settings

The base 1/0 address for the PC-DI0O-24 is determined by the switches at position U2 (see
Figure 2-1). The switches are set at the factory for the I/O address hex 210. With this default
setting, the PC-DIO-24 uses the 1/0 address space hex 210 through 213.

Note: Verify that this spaceisnot already used by other equipment installed in your
computer. If any equipment in your computer uses this /O address space, you must
change the base 1/0O address for the PC-DIO-24 or for the other device.

Each switch in U2 corresponds to one of the address lines A9 through A2. Thus, the range for
possible base I/O address settings is hex 000 through 3FC. Base I/O address values hex 000
through OFF are reserved for system use. Base 1/0 values hex 100 through 3FF are available on
the 1/O channel. A1 and AO are used by the PC-DIO-24 to decode the onboard registers. On the
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Chapter 2 Configuration and Installation

U2 DIP switches, press the side marked OFF to select a binary value of 1 for the corresponding
address bit. Pressthe other side of the switch to select abinary value of 0 for the corresponding
address bit. Figure 2-2 shows two possible switch settings. The black side indicates the side that

is pushed down.

o o N © 1 S O

< < < < < € < <

1 2 3 4 5 6 7 8
u2

A. Switches Set to Default Setting (Base 1/0 Address Hex 210)

o o ':: © W ST M

< < < < < < <

1 2 3 4 5 6 7 8
u2

B. Switches Set to Base /O Address Hex 278

Figure 2-2. Example Base I/0O Address Switch Settings
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Interrupt Selection

There are two sets of jumpers for interrupt selection on the PC-DIO-24 board. W1 isused for
selecting the interrupt enable line. W2 isfor selecting the interrupt level. The location of these
jumpersis shown in Figure 2-1.

Interrupt Enable Settings

To enable interrupt requests from the PC-DI10O-24, you must set jJumper W1 to select PC2, PC4,
or PC6 as the active low interrupt enable line. When the interrupt enable lineislogic low,
interrupts are enabled from the PC-DI10-24 board. Refer to Chapter 4, Register-Level
Programming, for the suggested interrupt enable line setting for each digital 1/0 mode of
operation. If Wlissetto N/C, all interrupt requests from the PC-DIO-24 are disabled.

Figure 2-3 shows the possible jumper settings for W1. The board is shipped with this jumper set
to PC4; therefore, interrupt requests from the board are enabled and controlled by PC4.

w1 W1 w1 w1
m— | PCB * ¢+ |PCé * | PCé * *|PC6
- | PC4 — | PC4 e | PC4 | PC4
¢ s |PC2 e s |PC2 — | PC2 e s |PC2
« < |N/IC « ¢ |N/IC « ¢ |NIC — | N/C
INT INT INT INT
(Default Factory Setting)

Figure 2-3. Jumper Settings—PC6, PC4, PC2, and N/C

Interrupt Level Settings

The PC-DI0-24 board can connect to any one of the six interrupt lines of the PC 1/0O Channel:
IRQ3, IRQ4, IRQ5, IRQ6, IRQ7, or IRQ9. You select the interrupt line by setting ajumper on
W2. To usetheinterrupt capability of the board, you must select an interrupt line and place the
jumper in the appropriate position. The default interrupt line isIRQ5. To change to another line,
remove the jJumper from IRQ5 and place it on the pins for another request line. Figure 2-4 shows
the default factory setting for IRQ5.

. . . 3
w2 I
. . . .

Figure 2-4. Interrupt Jumper Setting for IRQ5 (Factory Setting)
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The PC-DI0O-24 can share interrupt lines with other devices by using atristate driver to driveits
selected interrupt lines.

| nstallation

The PC-DI0O-24 can beinstalled in any unused 8-bit or 16-bit expansion slot in your computer.
After you make any necessary changes and verify the switch and jumper settings, record the
settings in the PC-DI10O-24 Hardware and Software Configuration Formin Appendix D,
Customer Communication. You are now ready to install the PC-DIO-24.

The following are general installation instructions, but consult the user manual or technical
reference manual of your personal computer for specific instructions and warnings.

1. Turn off your computer.
2.  Remove the top cover or access port to the 1/0 channel.
3. Remove the expansion slot cover on the back panel of the computer.

4. Insert the PC-DIO-24 in an unused 8-bit or 16-bit slot. It may be atight fit, but do not force
the board into place.

5. Screw the mounting bracket of the PC-DIO-24 to the back panel rail of the computer.
6. Check theinstallation.
7. Replace the cover to the computer.

The PC-DI0-24 board is now installed and ready for operation.
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Signal Connections

I/O Connector Pin Description

Chapter 2

Figure 2-5 shows the pin assignments for the PC-DI0O-24 digital 1/0O connector.

Warning: Connections that exceed any of the maximum ratings of input or output signalson
the PC-DIO-24 may result in damage to the PC-DI O-24 board and to the PC.
Maximum ratings for each signal are given in this chapter under the discussion of
that signal. National Instrumentsisnot liable for any damages resulting from any

such signal connections.

PC7 —

— GND

PC6 —

— GND

PC5 —

— GND

PC4 —

— GND

PC3 —

10

— GND

PC2 —

11

12

— GND

PC1 —

13

14

— GND

PCO —

15

16

— GND

PB7 —

17

18

— GND

PB6 —

19

20

— GND

PB5 —

21

22

— GND

PB4 —

23

24

— GND

PB3 —

25

26

— GND

PB2 —

27

28

— GND

PB1 —

29

30

— GND

PBO —

31

32

— GND

PA7 —

33

34

— GND

PA6 —

35

36

— GND

PAS5 —

37

38

— GND

PA4 —

39

40

— GND

PA3 —

41

42

— GND

PA2 —

43

44

— GND

PA1 —

45

46

— GND

PAO —

47

48

— GND

+5V —

49

50

— GND

Figure 2-5. Digital 1/0 Connector Pin Assignments
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Signal Connection Descriptions

Configuration and Installation

Pin Signal Name Description

1,357,911,13, PC<7.0>
15 PCOthe LSB.

Port C—Bidirectional datalinesfor port C. PC7 isthe MSB,

17,19, 21, 23, 25, PB<7..0>
27,29, 31 PBO the LSB.

Port B—Bidirectional datalinesfor port B. PB7 isthe MSB,

33, 35, 37, 39, 41, PA<7..0>
43, 45, 47 PAO the LSB.

Port A—Bidirectional datalinesfor port B. PA7 isthe MSB,

49 (seenotebelow) +5V

+5 Volts—This pin provides +5 VDC.

All even-numbered GND
pins

Ground—These signals are connected to the PC ground signal.

Note: Pin 49 isconnected to the +5 V PC power supply viaa 1 A fuse. A replacement fuseisavailable from
Allied Electronics, part number 845-2007, or Littelfuse, part number 251001.

The absolute maximum voltage input rating is-0.5 to +5.5 V with respect to GND.

Port C Pin Assignments

The signals assigned to port C depend on the mode in which the 82C55A is programmed. In
mode 0, port C is considered two 4-bit I/O ports. In modes 1 and 2, port Cis used for status and
handshaking signals with two or three I/O bits mixed in. Table 2-2 summarizes the signa
assignments of port C for each programmable mode. See Chapter 4, Register-Level

Programming, for register-level programming information.

Warning: During programming, note that each time a port is configured, output ports A

and C arereset to 0, and output port B is undefined.

Table 2-2. Port C Signal Assignments

Programming Mode Group A Group B
PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
ModeO |1/0 1/O 1/0 1/O 1/0 1/O 1/0 1/O
Mode 1 Input | 1/0 1/10 IBFy [STBp* [INTRy |[STBg* |IBFBg |INTRp
Mode 1 Output | OBFp* | ACKp* | 1/0 1/0 INTRy [ACKg* |OBFg* | INTRg
Mode2 | OBFp* |ACKp* |IBFy | STBa* |INTRy |1/O 1/0 1/O

* |ndicates that the signal is active low.

© National Instruments Corporation 2-7
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Timing Specifications

This section lists the timing specifications for handshaking with the PC-DIO-24. The
handshaking lines STB* and IBF synchronize input transfers. The handshaking lines OBF* and
ACK* synchronize output transfers.

The following signals are used in the timing diagrams on the subsequent pages.

Name Signal Description
Direction
STB* Input Strobe Input—A low signal on this handshaking line loads data into the input
latch.
IBF Output Input Buffer Full—A high signal on this handshaking line indicates that data

has been loaded into the input latch. Thisisan input acknowledge signal.

ACK* Input Acknowledge Input—A low signal on this handshaking line indicates that
the data written from the selected port has been accepted. Thissignal isa
response from the external device that it has received the data from the
PC-DIO-24.

OBF* Output Output Buffer Full—A low signal on this handshaking line indicates that
data has been written from the selected port.

INTR Output Interrupt Request—This signal becomes high when the 82C55A is
reguesting service during a data transfer. The appropriate interrupt enable
bits must be set to generate this signal.

RD* Internal Read Signa—This signal isthe read signal generated from the control lines
of the PC.

WR* Internal Write Signal—This signal is the write signal generated from the control lines
of the PC.

DATA Bidirectiona Data Lines at the Selected Port—This signal indicates when the data on the

datalines at a selected port is or should be available.
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Mode 1 Input Timing

The following figure illustrates the timing specifications for an input transfer in mode 1.

; — |
i T2 E i T4
STB* —IH i
1 ; ' I T
I a——
IBF : | I : VT6 : I—
: : <> :
INTR E ; -
. T3 E T5 .
DATA
Name Description Minimum Maximum
T1 STB* pulse width 100 -
T2 STB*=0toIBF=1 - 150
T3 Data before STB* =1 20 -
T4 STB* =1t0INTR=1 - 150
T5 Data after STB* =1 50 -
T6 RD* =0toINTR=0 - 200
T7 RD* =1toIBF=0 - 150

All timing values are in nanoseconds.
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Mode 1 Output Timing

Chapter 2

The following figure illustrates the timing specifications for an output transfer in mode 1.

LT3 :
WR* —\— '
i L
oBF* : — —
i‘ n > | DoTe
INTR : | <—>|_
ACK* : -
| I
DATA ><
D
-
Name Description Minimum  Maximum
T1 WR* =0toINTR=0 - 250
T2 WR* =1 to output - 200
T3 WR* =1t0o OBF* =0 - 150
T4 ACK* =0to OBF* =1 - 150
T5 ACK* pulse width 100 -
T6 ACK* =1t0INTR=1 - 150
All timing values are in nanoseconds.
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Mode 2 Bidirectional Timing

The following figure illustrates the timing specifications for bidirectional transfersin mode 2.

LT
WR* >
|—, ; ! T6 .
OBF* | >
INTR — :
| I T7
ACK* : '
' .|—
STB* —r_’ : :
< N <
N L
E T2 i T5 ' T8 ' T9 E
—— e P

Name Description Minimum Maximum
T1 WR* =1to OBF* =0 - 150
T2 Data before STB* = 1 20 -
T3 STB* pulse width 100 -
T4 STB* =0toIBF=1 - 150
T5 Data after STB* =1 50 -
T6 ACK* =0toOBF =1 — 150
T7 ACK* pulse width 100 —
T8 ACK* =0 to output - 150
T9 ACK* =1 to output float 20 250
T10 RD* =1toIBF=0 - 150

All timing values are in nanoseconds.
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Chapter 3
Theory of Operation

This chapter contains a functional overview of the PC-DIO-24 board and explains the operation
of each functional unit making up the PC-DI10O-24.

The block diagram in Figure 3-1 illustrates the key functional components of the PC-DIO-24
board.

Address
| -
= Decoder
PA
Bus +— >
< > Transceivers | > 8
82C55A PB
PPI < 1 >
8
< » PC _
T PC I/O > 2
c [}
g Channel 8 o
S > Control §
g Circuitry 0
o =
o Interrupt
Control < PC3
Circuitry . PCO
: -
k] v >
1 AFuse

Figure 3-1. PC-DIO-24 Block Diagram

The PC 1/0 Channel consists of an address bus, a data bus, interrupt lines, and severa control
and support signals. Control and data transfers to the system microprocessor are asynchronous.
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Address Decoder

The base address used by the board is determined by an onboard switch setting. The address on
the PC /O Channel busis monitored by the address decoder. |If the address on the bus matches
the selected 1/0 base address of the board, the board is enabled and the corresponding register on
the PC-DIO-24 is accessed.

Bus Transceivers

The bus transceivers control the sending and receiving of data lines to and from the PC I/O
Channel.

PC I/O Channel Control Circuitry

This circuitry monitors and transmits the PC I/O Channel control and support signals. The
control signalsidentify transfers as read or write, configuration or /O, and 8-bit or 16-bit. The
PC-DIO-24 only uses 8-bit transfers.

82C55A Programmable Peripheral Interface

The 82C55A PPI isthe heart of the PC-DIO-24. This chip has 24 programmable I/O pins that
represent three 8-bit ports—PA, PB, and PC. Each port can be programmed as an input or an
output port. The 82C55A has three modes of operation—simple I/O (mode 0), strobed 1/0
(mode 1), and bidirectiona 1/0 (mode 2). In modes 1 and 2, the three ports are divided into two
groups—group A and group B. Each group has eight data bits and four control and status bits
from port C (PC). Modes 1 and 2 use handshaking signals from port C to synchronize data
transfers. Refer to Chapter 4, Register-Level Programming, or to Appendix C, OKI 82C55A
Data Sheet, for more detailed information.

Interrupt Control Circuitry

The interrupt level used by the PC-DIO-24 is selected by the onboard jumper W2. Another
onboard jumper, W1, is used to enable interrupts from the PC-DIO-24. The setting for W1
selects PC2, PC4, or PC6 as the active low interrupt enable signal. Selecting N/C for W1
disables interrupts from the PC-DIO-24. When the onboard jumpers are set to enable interrupts,
the 82C55A can be programmed to generate an interrupt request by setting INTRA for group A
or INTRB for group B. When interrupts are enabled for group A, an active high signal on the
PC3 line generates an interrupt request. When interrupts are enabled for group B, an active high
signal on the PCO line generates an interrupt request.

Digital 1/0O Connector

All digital 1/0 istransmitted through a standard 50-pin male connector. The pin assignments for
the I/O connector are compatible with standard 24-channel digital I/0O applications. All even
pins on this connector are attached to logic ground, and pin 49 is connected to +5 V through a
protection fuse (F1), which is often required to operate I/O module mounting racks. See
Chapter 2, Configuration and Installation, for additional information.
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Chapter 4
Register-L evel Programming

This chapter describesin detail the address and function of each of the PC-DIO-24 control and
status registers. This chapter aso includes important information related to register-level
programming the PC-DI10O-24.

The PC-DIO-24 isaparalléd, digital 1/0 board designed around the OK| 82C55A integrated

circuit. The 82C55A is ageneral-purpose periphera interface containing 24 programmable 1/O
pins. These pins represent the three 8-bit I/O ports (A, B, and C) of the 82C55A. These ports

can be programmed as two groups of 12 signals or asthree individual 8-bit ports. This chapter
includes register-level programming information for the PC-DI10O-24, along with program examples
written in C.

Note: If you plan to use a programming software package such as LabWindows/CVI or
NI-DAQ with your PC-DI O-24 board, you need not read this chapter.

| ntr oduction

The three 8-bit ports are divided into two groups—group A and group B (two groups of 12
signals). One 8-bit configuration (or control) word determines the mode of operation for each
group. The group A control bits configure port A<0..7> and the upper 4 bits (nibble) of

port C<4..7>. The group B control bits configure port B<0..7> and the lower nibble of

port C<0..3>. These configuration bits are defined later in this chapter.

82C55A Modes of Operation

The three basic modes of operation for the 82C55A are as follows:

* ModeO-Basicl/O

* Mode 1 - Strobed 1/0

* Mode 2 - Bidirectional bus

The 82C55A aso has asingle bit set/reset feature for port C. The 8-bit control word also

programs this function. For additional information, refer to Appendix C, OKI 82C55A Data
Shest.
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Mode O

This mode can be used for simple input and output operations for each of the ports. No
handshaking is required; datais simply written to or read from a selected port.

Mode 0 has the following features:
* Two 8-hit ports (A and B) and two 4-bit ports (upper and lower nibble of port C).
* Any port can be input or output.

* Outputs are latched, but inputs are not latched.

Mode 1

This mode transfers data that is synchronized by handshaking signals. ports A and B use the
eight lines of port C to generate or receive the handshake signals. This mode divides the ports
into two groups (group A and group B):

»  Each group contains one 8-bit data port (port A or port B) and one 4-bit control/data port
(upper or lower nibble of port C).

»  The 8-bit data ports can be either input or output, both of which are latched.
»  The4-bit ports are used for control and status of the 8-bit data ports.

* Interrupt generation and enable and/or disable functions are available.

Mode 2

This mode can be used for communication over a bidirectional 8-bit bus. Handshaking signals
are used in amanner similar to mode 1. Interrupt generation and enable and/or disable functions
areaso available. Other features of this mode include the following:

e Usedingroup A only (port A and upper nibble of port C).

* One 8-hit bidirectional port (port A) and a 5-bit control status port (port C).

» Latched inputs and outputs.

Single Bit Set/Reset Feature

Any of the eight bits of port C can be set or reset with one control word. This feature generates
status and control for port A and port B when operating in mode 1 or mode 2.
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Register Map

Register-Level Programming

The following table lists the address map for the PC-DIO-24. The registers PORTA, PORTB,
PORTC, and CNFG are 8-bit registersin the 82C55A.

Table4-1. PC-DIO-24 Address Map

Register Offset Address Size Type
(Hex)
PORTA 0x00 8-hit Read-and-write
PORTB 0x01 8-hit Read-and-write
PORTC 0x02 8-bit Read-and-write
CNFG 0x03 8-hit Write-Only
Note: A number preceded by Ox is a hexadecimal number.

Register Descriptions

Figure 4-1 shows the two control-word formats used to completely program the 82C55A. The
Control Word Flag determines which control-word format is being programmed. When the
Control Word Flag is 1, bits O through 6 determine the 1/O characteristics of the 82C55A ports
and the mode in which they are operating (that is, mode 0, mode 1, or mode 2). When the
Control Word Flag is 0, bits 3 through O determine the bit set/reset format of port C.

Warning: During programming, note that each time a port is configured, output ports A

and C arereset to 0, and output port B is undefined.
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Group A Group B
D7 D6 D5 D4 D3 D2 D1 DO
Control Word
Fla Port C
= ——  (low nibble)
1 = mode set 1 =input
0 = output
Mode Selection
00 = mode O Port B
01 =mode 1 1 =input
1X = mode 2 0 = output
PortA Mode Selection
1= input 0 =mode 0
0 = output 1=mode 1
Port C
(high nibble)
1 =input
0 = output a. Mode Set Word Format
D7 X X X D3 D2 D1 DO
Control Word Bit Set/Reset
Flag 1=set
0 = bit set/reset 0 =reset
Bit Select (000)

(001)

(010)

(111)

b. Bit Set/Reset Word Format

Figure 4-1. Control-Word Formats
Single Bit Set/Reset Feature

Table 4-2 shows the control words for setting or resetting each bit in port C. Notice that bit 7 of
the control word is cleared when programming the set/reset option for the bits of port C.
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Table 4-2. Port C Set/Reset Control Words

Number Bit Set Bit Reset Bit Set or
Control Word Control Word Reset in Port C
0 Oxxx0001 Oxxx0000 XXXXXXXN
1 Oxxx0011 Oxxx0010 XXXXXXNX
2 Oxxx0101 Oxxx0100 XXXXXNXX
3 Oxxx0111 Oxxx0110 XXXXNXXX
4 Oxxx1001 Oxxx1000 XXXNXXXX
5 Oxxx1011 Oxxx1010 XXNXXXXX
6 Oxxx1101 Oxxx1100 XNXXXXXX
7 Oxxx1111 Oxxx1110 NXXXXXXX

Programming Consider ations
Mode 0-Basic1/0O

Mode 0 can be used for simple /O functions for each of the three ports with no handshaking.
Each port can be assigned as an input or an output port. The 16 possible I/O configurations are
shown in Table 4-3. Noticethat bit 7 of the control word is set when programming the mode of
operation for each port.
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Table 4-3. Mode 0 1/0 Configurations

Chapter 4

Control Word Group A Group B
Number Bit Port A Port C! Port B Port C?
76543210
0 10000000 Output Output Output Output
1 10000001 Output Output Output I nput
2 10000010 Output Output I nput Output
3 10000011 Output Output Input Input
4 10001000 Output I nput Output Output
5 10001001 Output I nput Output I nput
6 10001010 Output I nput I nput Output
7 10001011 Output I nput Input Input
8 10010000 Input Output Output Output
9 10010001 Input Output Output Input
10 10010010 Input Output I nput Output
11 10010011 I nput Output I nput I nput
12 10011000 I nput I nput Output Output
13 10011001 Input I nput Output Input
14 10011010 Input Input I nput Output
15 10011011 Input Input Input Input
1 Upper nibble of port C
2 Lower nibble of port C

M ode 0 Programming Example

Mai n() {

#def i ne
#def i ne
#def i ne
#def i ne
#def i ne

regi ster unsigned int porta,
char val read;

/* Calculate register
BASE_ADDRESS +
BASE_ADDRESS +
BASE_ADDRESS +
BASE_ADDRESS +

porta
portb
portc
cnfg

BASE_ADDRESS
PORTAOf f set
PORTBof f set
PORTCof f set
CNFCGof f set

PC-DIO-24 User Manual

0x210
0x00
0x01
0x02
0x03

addr esses. */
PORTAOof f set ;
PORTBof f set ;
PORTCof f set ;
CNFCof f set ;

/*
/*
/*
/*
/*

portb, portc,
Variable to store data read froma

/*

4-6

Board | ocated at address 210 */

O fset for
O fset for
O fset for
O fset for

cnfg;

port */

port
port
port
CNFG

A */
B */
C */

*/
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/* EXAMPLE 1*/

out p(cnf g, 0x80) ; /* Ports A, B, and C are outputs. */

out p(porta, 0x12); /* Wite data to port A */

out p(portb, 0x34); /* Wite data to port B. */

out p(portc, 0x56) ; /* Wite data to port C. */

/* EXAVPLE 2*/

out p(cnf g, 0x90) ; /* Port Ais input; ports B and C are
out puts. */

out p(portb, 0x22); /* Wite data to port B. */

out p(portc, 0x55); /* Wite data to port C. */

valread = inp(porta); /* Read data fromport A */

/* EXAMPLE 3 */
out p(cnf g, 0x82); /* Ports A and C are outputs; port B
is an input. */

/* EXAMPLE 4 */
out p(cnf g, 0x89); /* Ports A and B are outputs; port C
is an input. */

Mode 1-Strobed I nput

In mode 1, the digital 1/O bits are divided into two groups—group A and group B. Each of these
groups contains one 8-hit port and one 4-bit control/data port. The 8-bit port can be either an
input or an output, and the 4-bit port is used for control and status information for the 8-bit port.
The transfer of datais synchronized by handshaking signals in the 4-bit port.

The control word written to the CNFG Register to configure port A for input in mode 1 is shown
asfollows. Bits PC6 and PC7 of port C can be used as extrainput or output lines.

1 0 1 1 1/0 X X X

Port C bits PC6 and PC7

1 =input
0 = output

The control word written to the CNFG Register to configure port B for input in mode 1 is shown
asfollows. Noticethat port B does not have extrainput or output lines from port C.
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During amode 1 data read transfer, the status of the handshaking lines and interrupt signals can
be obtained by reading port C. The port C status-word bit definitions for an input transfer are

shown as follows.

The following are the port C status-word bit definitions for input (port A and port B).

7 6 5 4 3 2 1 0
[ /O | 110 | IBFA | INTEA [ INTRA | INTEB [ IBFB | INTRB |

Bit Name Description

7-6 /0O Input/Output—Extra I/O status lines when port A isin mode 1
input.

5 IBFA Input Buffer Full for Port A—High indicates that data has been
loaded into the input latch for port A.

4 INTEA Interrupt Enable Bit for Port A—Enables interrupts from the
82C55A for port A. Controlled by bit set/reset of PCA4.

3 INTRA Interrupt Request Status for Port A—When INTEA is high and
IBFA ishigh, this bit is high, indicating that an interrupt request is
asserted.

2 INTEB Interrupt Enable Bit for Port B—Enables interrupts from the
82C55A for port B. Controlled by bit set/reset of PC2.

1 IBFB Input Buffer Full for Port B—High indicates that data has been
loaded into the input latch for port B.

0 INTRB Interrupt Request Status for Port B—When INTEB is high and

IBFB is high, this bit is high, indicating that an interrupt request is
asserted.

At thedigital 1/0O connector, port C has the following pin assignments when in mode 1 input.
Notice that the status of STBA* and STBB* are not included in the port C status word.

PC-DIO-24 User Manual

A | oy o |lg—p

PC6 o q—p

Group A PC5 IBFA |—p
PC4 STBA* €——

y | PC3 INTRA —»

A PC2 STBB* [€&——

Group B PC1 IBFB [—P
y | PCO | INTRB P
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Mode 1 Input Programming Example

Main() {

#def i ne BASE_ADDRESS 0x210 /* Board | ocated at address 210. */

#def i ne PORTAOf f set 0x00 [* OFfset for port A */

#def i ne PORTBof f set 0x01 [* OFfset for port B */

#def i ne PORTCof f set 0x02 [* OFfset for port C */

#def i ne CNFGCof f set 0x03 [* OFfset for CNFG  */

regi ster unsigned int porta, portb, portc, cnfg;

char val read,; /* Variable to store data read froma
port */

/* Calculate register addresses. */

porta = BASE ADDRESS + PORTAoffset;
portb = BASE ADDRESS + PORTBoff set;
portc = BASE ADDRESS + PORTCof f set;
cnfg = BASE_ADDRESS + CNFCof fset;

/* EXAMPLE l1l-port A input */

out p(cnf g, 0xBO) ; /* Port Ais an input in node 1. */

while (!(inp(portc) & 0x20)); /* Wait until IBFA is set, indicating that
data has been | oaded in port A */

valread = inp(porta); /* Read the data fromport A */

/* EXAMPLE 2-port B input */

out p(cnf g, 0x86) ; /* Port Bis an input in node 1. */

while (!(inp(portc) & 0x02)); /* Wit until IBFB is set, indicating that
data has been | oaded in port B. */

val read = i np(portb);

}

M ode 1-Strobed Output

The control word written to the CNFG Register to configure port A for output in mode 1 is
shown asfollows. Bits PC4 and PC5 of port C can be used as extrainput or output lines when
port A uses mode 1 output.

1 0 1 0 1/0 X X X

Port C bits PC4 and PC5

1 =input
0 = output
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The control word written to the CNFG Register to configure port B for output inmode 1 is
shown as follows. Notice that port B does not have extrainput or output lines from port C.

During amode 1 data write transfer, the status of the handshaking lines and interrupt signals can
be obtained by reading port C. Notice that the bit definitions are different for awrite and aread

transfer.

The following are the port C status-word bit definitions for output (port A and port B).

7 6 5 4 3 2 1 0
[ oBFA* | INTEA | 1O | 1O | INTRA | INTEB | OBFB* [ INTRB |

Bit Name Description

7 OBFA* Output Buffer Full for Port A—L ow indicates that the CPU has
written data to port A.

6 INTEA Interrupt Enable Bit for Port A—If thisbit is high, interrupts are
enabled from the 82C55A for port A. Controlled by bit set/reset of
PC6.

54 1/O I nput/Output—Extra 1/O status line when port A isin mode 1
output.

3 INTRA Interrupt Request Status for Port A—When INTEA is high and
OBFA* ishigh, thisbit is high, indicating that an interrupt request
is asserted.

2 INTEB Interrupt Enable Bit for Port B—If this bit is high, interrupts are
enabled from the 82C55A for port B. Controlled by bit set/reset of
PC2.

1 OBFB* Output Buffer Full for Port B—Low indicates that the CPU has
written data out to port B.

0 INTRB Interrupt Request Status for Port B—When INTEB is high and

PC-DIO-24 User Manual

OBFB* is high, thishit is high, indicating that an interrupt request
is asserted.
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At the digital 1/0 connector, port C has the following pin assignments when in mode 1 output.
Notice that the status of ACKA* and ACKB* is not included when port Cisread.

W OBFA* |

PC6 | ACKA* @¢——

Group A PC5 o |g—p
PC4 o |[4—p

y | Pc3 INTRA —»

A PC2 ACKB* [€—

Group B PC1 OBFB* —P
y | PCo | INTRB — P

Mode 1 Output Programming Example

Main() {

#def i ne BASE_ADDRESS 0x210 /* Board | ocated at address 210. */

#def i ne PORTAOf f set 0x00 [* OFfset for port A */

#def i ne PORTBof f set 0x01 [* OFfset for port B */

#def i ne PORTCof f set 0x02 /[* Ofset for port C */

#def i ne CNFCof f set 0x03 [* OFfset for CNFG  */

regi ster unsigned int porta, portb, portc, cnfg;

char val read,; /* Variable to store data read froma
port */

/* Calculate register addresses. */

porta = BASE ADDRESS + PORTAoffset;
portb = BASE ADDRESS + PORTBoffset;
portc = BASE ADDRESS + PORTCof f set;
cnfg = BASE ADDRESS + CNFCoffset;

/* EXAMPLE 1-port A output */

out p(cnf g, 0xA0) ; /* Port Ais an output in node 1.*/

while (!(inp(portc) & 0x80)); /* Wait until OBFA* is set, indicating
that the data last witten to port A
has been read. */

out p(porta, 0x12); /* Wite data to port A */

/* EXAMPLE 2-port B output */

out p(cnf g, 0x84) ; /* Port Bis an output in node 1.*/

while (!(inp(portc) & 0x02)); /* Wit until OBFB* is set, indicating
that the data last witten to port B
has been read. */

out p(porthb, 0x34); /* Wite the data to port B. */

}
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M ode 2-Bidirectional Bus

Mode 2 has an 8-bit bus that can transfer both input and output without changing the
configuration. The data transfers are synchronized with handshaking linesin port C. This mode
uses only port A; however, port B can be used in either mode O or mode 1 while port A is
configured for mode 2.

The control word written to the CNFG Register to configure port A as a bidirectional data busin
mode 2 is shown as follows. If port B is configured for mode 0, then PC2, PC1, and PCO of
port C can be used as extrainput or output lines.

7 6 5 4 3 2 1 0

1 1 X X X 1/0 1/0 1/0
Port C bits PC2,PC1,PCO
1 =input
0 = output

Port B direction

1 =input
0 = output
Group B Mode

0 =mode 0
1 =mode 1

During amode 2 data transfer, the status of the handshaking lines and interrupt signals can be
obtained by reading port C. The port C status-word bit definitions for amode 2 transfer are
shown as follows.

The following are the port C status-word bit definitions for bidirectional data path (port A only).

7 6 5 4 3 2 1 0
[ oBFA* | INTEL | IBFA | INTE2 | INTRA | 1O [ 1o | 10O |
Bit Name Description
7 OBFA* Output Buffer Full—Low indicates that the CPU has written data
to port A.
6 INTEL Interrupt Enable Bit for Output—If this bit is set, interrupts are
enabled from the 82C55A for OBFA*. Controlled by bit set/reset of
PC6.
5 IBFA Input Buffer Full—High indicates that data has been loaded into

the input latch of port A.
(continues)
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Bit Name Description (continued)

4 INTEZ2 Interrupt Enable Bit for Input—If this bit is set, interrupts are
enabled from the 82C55A for IBFA. Controlled by bit set/reset of
PCA4.

3 INTRA Interrupt Request Status—If INTEL is high and IBFA is high, this

bit is high, indicating that an interrupt request is asserted for input
transfers. If INTE2 ishigh and OBFA* ishigh, thisbit is high,
indicating that an interrupt request is asserted for output transfers.

2-0 /O Input/Output—Extra 1/O status lines available if port B is not
configured for mode 1.

At the digital 1/0 connector, port C has the following pin assignments when in mode 2.

A | oc7 | osrar —»
PC6 | ACKA* [€——
PC5 IBFA —»
PC4 | STBA* [€&——

Group A
\ PC3 INTRA >
A PC2 110
or
Group B PC1 Hand-

shaking
¥y | PCO

Mode 2 Programming Example

Main() {

#def i ne BASE_ADDRESS 0x210 /* Board | ocated at address 210. */

#def i ne PORTAof f set 0x00 [* Ofset for port A */

#def i ne PORTBof f set 0x01 [* OFfset for port B */

#def i ne PORTCof f set 0x02 [* OFfset for port C */

#defi ne CNFCof f set 0x03 [* OFfset for CNFG */

regi ster unsigned int porta, portb, portc, cnfg;

char val read; /* Variable to store data read froma
port */

/* Calculate register addresses. */

porta = BASE ADDRESS + PORTAoffset;
portb = BASE ADDRESS + PORTBoff set;
portc = BASE ADDRESS + PORTCof fset;
cnfg = BASE ADDRESS + CNFCof f set ;
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/* EXAMPLE 1*/

out p(cnf g, 0xQ0) ; [* Port Ais in node 2. */

while (!(inp(portc) & 0x80)); /[* Wait until OBFA* is set,
i ndicating that the data | ast
witten to port A has been
read. */

out p(porta, 0x67); /* Wite the data to port A */

while (!(inp(portc) & 0x20)); /* Wait until IBFA is set, indicating
that data is available in port Ato
be read. */

valread = inp(porta); /* Read data fromport A */

}

Interrupt Programming Examples

The following examples show the process required to enable interrupts for severa different
operating modes. The interrupt handling routines and interrupt installation routines are not

included. Seethe IBM Personal Computer AT Technical Reference manual for additional

information.
Mai n() {

#def i ne
#def i ne
#def i ne
#def i ne
#def i ne

BASE ADDRESS
PORTAOof f set
PORTBof f set
PORTCof f set
CNFCGof f set

register
char val read;

/* Cal cul ate register addresses.

porta = BASE_ADDRESS
portb = BASE ADDRESS
portc = BASE_ADDRESS
cnfg = BASE_ADDRESS
/* EXAMPLE 1-Set up i

interrupt enable bit.

out p(cnf g, 0xBO) ;
out p(cnf g, 0x09) ;

out p(cnf g, 0x00) ;

/* EXAMPLE 2-Set up i
interrupt enable bit.

out p(cnf g, 0x86) ;
out p(cnf g, 0x05) ;

out p(cnf g, 0x00) ;
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unsi gned int

0x210 /* Board | ocated at address 210. */
0x00 /* Ofset for port A */
0x01 [* OFfset for port B */
0x02 /[* Ofset for port C */
0x03 [* OFfset for CNFG */
porta, porth, portc, cnfg;
/* Variable to store data read froma
port */
*/
+ PORTAOf f set;
+ PORTBof f set ;
+ PORTCof f set ;
+ CNFCof f set ;
nterrupts for node 1 input for port A Select PC6 as the
*/
/* Port Ais an input in node 1. */

/* Set PC4A to enable interrupts from

82C55A. */

/* Clear PC6 to enable interrupts. */
nterrupts for node 1 input for port B. Select PC6 as the
*/

/[* Port Bis an input in node 1. */

/* Set PC2 to enable interrupts from

82C55A. */
/* Clear PC6 to enable interrupts. */
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/* EXAMPLE 3-Set up interrupts for node 1 output for port A Select PC4 as
the interrupt enable bit. */

out p(cnf g, 0xA0) ; /[* Port Ais an output in node 1. */

out p(cnf g, 0x0D) ; /* Set PC6 to enable interrupts from
82C55A. */

out p(cnf g, 0x00) ; /* Clear PC4 to enable interrupts. */

/* EXAMPLE 4-Set up interrupts for node 1 output for port B. Select PC4 as
the interrupt enable bit. */

out p(cnf g, 0x84) ; /[* Port Bis an output in node 1. */

out p(cnf g, 0x05) ; /* Set PC2 to enable interrupts from
82C55A. */

out p(cnf g, 0x08) ; /* Clear PC4 to enable interrupts. */

/* EXAMPLE 5-Set up interrupts for node 2 output transfers. Select PC2 as the
interrupt enable bit. */

out p(cnf g, 0xQ0) ; /* node 2 output */

out p(cnf g, 0x0D) ; /* Set PC6 to enable interrupts from
82C55A. */

out p(cnf g, 0x04) ; /* Clear PC2 to enable interrupts. */

/* EXAMPLE 6-Set up interrupts for node 2 input transfers. Select PC2 as the
interrupt enable bit. */

out p(cnf g, 0xDO) ; /* node 2 input */

out p(cnf g, 0x09); /* Set PC4A to enable interrupts from
82C55A. */

out p(cnf g, 0x04) ; /* Clear PC2 to enable interrupts. */

Interrupt Handling

A jumper setting on the PC-DI10-24 selects the signal that is used for the interrupt enable signal.
If jJumper W1 isset to N/C, interrupts are disabled. Jumper W1 can be used to select PC2, PC4,
or PC6 as the active low interrupt enable signal. For example, if PC2 is selected, interrupts are
enabled if PC2islogiclow. If PC2islogic high, interrupts from the PC-DIO-24 are disabled.
The following table summarizes which signal should be used as the interrupt enable for all mode
combinations.
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Table 4-4. Interrupt Enable Signals for All Mode Combinations

Chapter 4

Port A Port A Port B Port B Port A Port A Port B Port A Interrupt

Mode 2 Mode 2 Mode 1 Mode 1 Mode 1 Mode 1 ModeO ModeO Enable

Output Input Output Input Output Input Bit
No No No No No No Yes Yes N/C
No No No No No Yes Yes No PCe, PC2
No No No No Yes No Yes No PC4, PC2
No No No Yes No No No Yes PCe6, PC4
No No No Yes No Yes No No PC6
No No No Yes Yes No No No PC4
No No Yes No No No No Yes PCe6, PC4
No No Yes No No Yes No No PC6
No No Yes No Yes No No No PC4
No Yes No No No No Yes No PC2
No Yes No Yes No No No No N/C
No Yes Yes No No No No No N/C
Yes No No No No No Yes No PC2
Yes No No Yes No No No No N/C
Yes No Yes No No No No No N/C

The recommended jumper settings for W1 are as follows.

» PC6—If port A isin mode 1 input.

» PC4—If port A isin mode 1 output.

e PC2—If port A isin mode 2 (port B is not in mode 1).

To enable interrupts from the PC-DI10O-24, select PC2, PC4, or PC6 as the active low interrupt
enable signal. Initialy, set the selected bit high to disable unwanted interrupts.

Program the PC-DI0O-24 for the 1/0 mode desired. To enable interrupts from the 82C55A, set

either the INTEA or the INTEB bit to enable interrupts from port A or port B, respectively. In
mode 2, set either INTEL or INTEZ2 for interrupts on input or output transfers. After interrupts
have been enabled from the 82C55A, clear the selected interrupt enable bit to enable interrupts

from the PC-DIO-24.

An external signal can be used to interrupt the PC-DIO-24 when port A or port B isin mode 0.
Select PC2, PC4, or PC6 as the interrupt enable bit and clear the selected bit to enable interrupts.
Connect the external signal that should trigger an interrupt to either PC3 or PCO. When the
external signal becomes logic high, an interrupt request occurs. To disable the external signal
interrupt, set the selected interrupt enable bit to logic high.
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Appendix A
Specifications

This appendix lists the specifications for the PC-DIO-24 board. These specifications are typical at 25° C, unless
otherwise stated. The operating temperature rangeis 0° to 70° C.

Digital 1/0

Number of channels ..., 241/0

CompatiDility .....cocoeeieieeee TTL

Absolute max voltage input rating ...........cccceeeeeerennns -0.5to +5.5 V with respect to GND
Handshaking..........cccoveeve i Requires 1 port

POWEr-0N SLALE.......ceeeceereieeciese e Configured as inputs
Datatransfers ... Interrupts, programmed 1/0O

Digital Logic Levels

Input Signals

Odd-numbered pinS 147 .......ccccovvvvvveninsie e Level Min M ax
Input logic high voltage 22V 53V
Input logic low voltage -0.3V 08V
Input current -1L.O YA 1.0 A
(0<Vin<5V)

Output Signals

PiN49 (& 5 V) o 0.25 A max
Odd-numbered pinS 147 .......ccccoovvinineneneneens Level Min M ax
Output high voltage
(lout =-2.5mMA) 3.7V 50V
Output low voltage
(lout =2.5mA) 0.0V 04V
Output current
VoL =05V) 4 mA —
Output current
(Mon=27V) 4 mA —
Environment
Operating TEMPEIAUre ........cccveveereereeeeeeeeeeeseseeeeas 0°to70° C
Storage TEMPErAIUIe.........cecveeere e eeeseeseeseeneeseeens -55°10 150° C
Relative humidity .........cocoeeireiinninerereseeeee 5% to 90% noncondensing
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Soecifications

Physical

DIMENSIONS......eviiieie et
1/0O connector

Appendix A

17.5by 9.9cm (6.9in. by 3.91in.)
50-pin mal e ribbon-cable connector

Power Requirement (from PC 1/O Channel)

TYP POWES .ttt

0.10 A at 5 VDC (+10%)

MEX POWES ...ttt 0.16 A at 5 VDC (+10%)

Transfer Rates

The maximum average transfer rates for the PC-DIO-24 are shown as follows. The code used to make the
measurements follows the table. The assembly language code was assembled as inline assembly C code using
version 8.00 of the Microsoft Optimizing C Compiler. The C code was compiled using version 8.00 of the
Microsoft Optimizing C Compiler.

Table A-1. Maximum Average Transfer Rates for the PC-DIO-24

Bus CPU CPU Speed Assembly C

AT (ISA16) 486DX4 100 MHz 410 kbytes/s | 330 kbytes/s

Assembly language code:

mv cx, 64

nov dx, 0180h
loop:

| odsb

out dx, al

add dx, 0014h

in al, dx

sub dx, 0014h

dec CcX

j nz short | oop

C code:

address = 0x0180;
i regladdress = address + 0x0014;

for (i

=0; i <64; i++) {

out p(address, *datat+);
i np(iregladdress);

PC-DIO-24 User Manual

Count out 64 transfers
The port to access

Assune ds:si points to buffer of data
Send the data

Add of fset to base address for Iregl
Dumry read fromlregl

Rest ore base address

The previous four lines are not
necessary for measuring transfer rates
Decrement the | oop counter

See if we need to | oop

/* The port address */

/* Loop 64 tinmes */
/* Send data */
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Appendix B
|/O Connector

This appendix describes the pinout and signal names for the I/O connector on the PC-DI10O-24.

Figure B-1 shows the PC-DIO-24 digital 1/0 connector.

Figure B-1. PC-DI0O-24 1/0O Connector

PC7

PC6

PC5

PC4

PC3

pPC2

PC1

PCO

PB7

PB6

PB5

PB4

PB3

PB2

PB1

PBO

PA7

PAG

PA5

PA4

PA3

PA2

PA1

PAO

+5V

1| 2 —GND
3| 4 —GND
5| 6 — GND
7| 8 —GND
9 |10 — GND
11 |12 — GND
13|14 — GND
15|16 — GND
17 |18 — GND
19|20 — GND
21 |22 — GND
23 |24 — GND
25|26 — GND
27 | 28 — GND
29 | 30 — GND
31|32 — GND
33|34 — GND
35|36 — GND
37| 38 — GND
39|40 — GND
41| 42 — GND
43 | 44 — GND
45| 46 — GND
47 | 48 — GND
49 | 50 — GND

Detailed signal specifications are included in Chapter 2, Configuration and Installation.
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Appendix

OKI 82C55A Data Sheet

This appenlix contairs the marufacturerdata fieet fa the OKI
Seamiconductor 82C5%6A CMOS programmablperipheral
interface (PPI). Ths interfa@ is used onthe DAQCard-DI10-24.

*  Copyright © OKI Semiconductor. 1993. Reprinted withpermissionof copyright owrer.
All rights leserved.
OKI Semimnductor Data Book Microprocessor Seventh Edlition, March 193.
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OKI semiconductonr
MSM82C55A-2RS/GS/VJS

CMOS PROGRAMMABLE PERIPHERAL INTERFACE

GENERAL DESCRIPTION

The MSMB82CS65A is a programmable universal 1/O interface device which operates as high speed and on
low power consumption due to 3 x silicon gate CMOS technology. It is the best fit as an 1/O port in a system
which employs the 8-bit parallel processing MSM80C85A CPU. This device has 24-bit I/0 pins equivalent to three
8-bit 1/0 ports and all inputs/outputs are TTL interface compatible.

FEATURES

© Bit set/reset function (Port C)

© TTL compatible

® Compatible with 8255A-5

©40 pin Plastic DIP (DIP40-P-600)

#44 pin PLCC (QFJ44-P-S650)

©44 pin-V Plastic QFP (QFP44-P-910-VK)
©44 pin-VI Plastic QFP (QFP44-P-910-VIK)

® High speed and low power consumption. due to 3 u
silicon gate CMOS technology

® 3V to6 V single power supply

© Full static operation

© Programmable 24-bit 1/0 ports

® Bidirectional bus operation (Port A)

CIRCUIT CONFIGURATION
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= |/0-MSM82C55A-2RS/GS/VJS #—

PIN CONFIGURATION

PA; (1] a0 PA,
MSMB82C55A-2RS (Top View) PA; (2] 139) PAs
40 pin Plastic DIP PA 38 Pag
PAg 37 pA,
RD 38 WR
cs 35] RESET
GND 33) Dy
Ay 33 D0,
Ao 32 D,
PCy 31 D3
PCe 130 D,
PCs 23 Ds
PCq 78) D¢
PCo 27 D,
PC, 28 vee
PC, 175 PB,
WEFFIFEF L iy 2 o
Zaaoaa>a0aald PBo [23 P8
nnnn PB; 22 PB,
I = n .
444342 41 40 3938 37 36 35 34
oS ——1 33— RESET
GND ——] 2 O 32— D,
Ay —3 E——anon
Ao C—] 4 30— D, MSM82C55A-2GS
PCo——s 22— D, 44 pin Plastic Quad Flat Package
PCg —]6 28— b,
PCs 7 27— bs
PC,C—]8 26— D¢
PCo T— 9 25— D,
pc, C—10 24— Ve
PC, C— 11 23— P8,
2122

|
a

7
GND[z]
A1[g]
MSMB2CS5A 2VJS (Top View)  AC[i9
44 pin Plastic Leaded Chip Carrier PC7E
N.C.[2]
PC6 [13]
PCS5 [14]
PC4 [i5]

PCO [i¢]

PC1[17]
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol Conditi T Unit
A-2RS | A-2GS [ A2vis
Ssupply Voltage Vee Ta = 25°C -0.5t0 +7 v
with
Input Voltage VIN respect -0.5t0 Ve + 0.5
Output Voltage Vout | to GND -0.5to Vgc + 0.5 V.
Storage Temperature ng - —-55to +160 °C
Power Dissipation Pp Ta = 25°C 1.0 0.7 1.0 w
OPERATING RANGE
Parameter Symbol Limits Unit
Supply Volitage vee 3t06 \"
Operating Temperature Top —40t0 85 °c
RECOMMENDED OPERATING RANGE
Parameter Symbol Min, Typ. Max. Unit
Supply Voltage vee 45 5 55 v
Operating Temperature Top -40 +25 +85 °c
“L* Input Voltage ViL -03 +0.8 v
“H" Input Voltage VIH 2.2 . Vgg +0.3 v
DC CHARACTERISTICS
MSM82C55A-2
Parameter [Symbol Conditions Unit
Min. [Typ.|Max.
“L" Output Voitage VoL | loL=25mA 04
| ton = -40uA 42 v
“H" Output Voltage VOH OH »
IgH = -2.5mA 3.7 v
Vee =45V to
Input Leak Current I |0 ViINSVee 55V -1 1 A
Output Lesk Current | 10 | 0<VouT SVee | Ta= -40°Cto | -10 10 |wsA
— +85°C
CS 2 Ve -0.2v -
(S;:::’\Lclurmm Iccs | ViH 2 Ve -0.2v (Cy.= OpF) 0.1 10 | uA
Y ViLS 02V
Average Supply 1/0 wire cycle
Current (active) 1CC  |gzcosaz... ammecPu_siming 8 [mA
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AC CHARACTERISTICS
(Vee =45 1055V, Ta=-40 10 +80°C)

MSMB82C55A-2
Parameter Symbol Unit [Remarks
Min. | Max.
Setup Time of address to the falling edge of RD tAR 20 ns
Hold Time of address to the rising edge of RD tRA 0 ns
RD Pulse Width tRR 100 ns
Delay Time from the falling edge of RD to the 120
output of defined data *RD e
Delay Time from the rising edge of RD to the
floating of data bus tDF 10 75 ns
Time from the rising edge of RD or WR to the next
falling edge of RD or WR RV 200 ns
Setup Time of address before the falling edge of WR | taw 0 ns
Hold Time of address after the rising edge or WR WA 20 ns
WR Pulse Width ww 150 ns
Setup Time of bus data before the rising edge of WR | tpw 50 ns
Holt Time of bus data after the rising edge of WR twD 30 ns
Delay Time from the rising edge of WR to the
output of defined data we 200 | ns
Setup Time of port data before the falling edge of
RD 1R 20 ns
Hold Time of port data after the rising edge of RD tHR 10 ns
ACK Pulse Width tAK 100 ns
STB Pulse Width tsT 100 ns | Load
i isi 150 pF
Setup Time of port data before the rising edge of tps 20 ns
STB
Hold Time of port data after the rising edge of STB tPH 50 ns
Delay Time from the falling edge of ACK to the
output of defined data tAD 150 ns
Delay Time from the rising edge of ACK to the
floating of port (Port A in mode 2) KD 20 250 ns
Delay Time from the rising edge of WR to the falling
edge of OBF twos 150 | ns
Delay Time from the falling edge of ACK to the
rising edge of OBF tao8 150 | ns
Delay Time from the falling edge of STB to the
rising edge of IBF ts18 180 | ns
Delay Time from the rising edge of RD to the falling
edge of IBF 'RIB 150 | ns
Delay Time from the falling edge of RD to the
falling edge of INTR RIT 200 | ns
Delay Time from the rising edge of STB to the
rising edge of INTR SIT 180 | ns
Delay Time from the rising edge of ACK to the
rising edge of INTR tAIT 150 ns
Delay Time from the falling edge of WR to the
falling edge of INTR wiT 250 | ms

Note: Timing is measured at V| =08V and V|4 = 2.2V for both input and outputs.
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Basic Input Operstion (Mode 0)

4 |/0-MSM82C55A-2RS/GS/VJS ®

fe———tRR————==]
RD \ 4
=t R =] =tHR=—
Port input ) k
p——t A R——o={ pe—1tR A—e]
CS,A;, A X
Dy~Dp m—m e ———— -( b —— -
Pt R D ‘P_'DF_—
Basic Output Operation (Mode 0)
.."“
WR 4
WD
=—"1tow
D7 ~Dyg X K
AW ————o tw;;———'
o X ﬂ
1
Port output

[——ty B —=

Strobe Input Operation (Mode 1)

IBF

INTR

§TB \

ps——t ST ——o=
4
\—
tsi8 N \
SIT

LIRIT

RD

Port input e e =

PS

)
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Strobe Output Operation (Mode 1)

WR \
S
f—tAOB:
\
GeF woB
INTR N\ />
L‘—'WIT——
AR \ 4
—tAK—*t=—tAIT—=
Port output j
ws

Bidirectional Bus Operation (Mode 2)

s

INTR twos
1 [=-tAK-=
ACK \ V
ST \.4
STB 4
tsi8 B
1BF o KD
tps O R o S
POMA === — -+ —=4 P————— -

={tPH tRIB
RO
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OUTPUT CHARACTERISTICS (REFERENCE VALUE)
1 Output “H" Voltage (Vgy) vs. Output Current (Ig)

4 |/0-MSM82C55A-2RS/GS/VJS =

Output “H" voltage Vo (V)

Ta=-40~85°C

Vee =5.0v

[¢]

1 2 3 -4 5

Output current Igy (mA)

2 Output “L" Voltage (Vg ) vs. Output Current {Ig )

Output "L’ voltage Vo (V)

ot

Output current Ig (mA)

Note: The direction of flowing into the device is taken as positive for the output current.

PC-DI0-24 User Manual
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FUNCTIONAL DESCRIPTION OF PIN
Pin No. Item Input/Output Function
p7 ~ DO Bidirectional fnput and These are three-state 8-bit bidhlctiona&uus used to write and
data bus output read data upon receipt of the WR and RD signals from CPUand
aiso used when control words and bit set/reset data are trans-
ferred from CPU to MSM82C55A.

RESET Reset input input This signal is used to reset the control register and all internal
registers when it is in high level. At this time, ports are all made
into the input mode (high impedance status).
all port latches are cleared to O. and all ports groups are set to mode O.

cs Chip select fnput When the CS is in low level, data transmission is enabled with

input CPU. When it is in high level, the data bus is made into the high
impedance status where no write nor read operation is performed.
Internal registers hoid their previous status, however.

RD Read input Input When RD is in low level, data is transferred from MSM82C55A
to CPU.

WR Write input Input When WR is in low level, data or control words are transferred
from CPU to MSM82C55A.

AQ, A1 Port select Input By combination of AO and A1, either one is selected from among

input port A, port B, port C, and control register. These pins are usually
(address) connected to low order 2 bits of the address bus.
PA7 ~PAO | Port A Input and These are universal 8-bit 1/O ports. The direction of inputs/out-
output puts can be determined by writing a control word. Especially,
port A can be used as a bidirectional port when it is set to mode 2.

PB7 ~ PBO Port B Input and These are universal 8-bit /O ports. The direction of inputs/out-

output puts can be determined by writing a control word.

PC7 ~ PCO Port C Input and These are universal 8-bit 1/O ports. The direction of inputs/out-

output puts can be determined by writing a control word as 2 ports
with 4 bits each. When port A or port B is used in mode 1 or
mode 2 (port A only), they become control pins. Especially
when port C is used as an output port, sach bit can be set/reset
independently.

Vee +5 V power supply.

GND GND

BASIC FUNCTIONAL DESCRIPTION

Group A and Group B

When used in mode 1 or mode 2, however, port C
has bits to be defined as ports for control signal for
operation ports (port A for group A and port B for

When setting a mode to a port having 24 bits, set
it by dividing it into two groups of 12 bits each.
Group A: Port A (8 bits) and high order 4 bits
of port C (PC7 ~ PC4)

Group B: Port B (8 bits) and low order 4 bits of
port C (PC3 ~ PCO)
Mode 0, 1, 2
There are 3 types of modes to be set by grouping
as follows:
Mode 0:  Basic input operation/output operation
(Available for both groups A and B)
Mode 1:  Strobe input operation/output opera-
tion
(Available for both groups A and B)
Mode 2:  Bidiréctional bus operation

(Available for group A only)
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group B) of their respective groups.

PortA, B, C
The internal structure of 3 ports is as follows:

Port A: One 8-bit data output latch/buffer and
one 8-bit data input latch

Port B: One 8-bit data input/output latch/buf-
fer and one 8-bit data input buffer

Port C: One 8-bit data output latch/buffer and

one 8-bit data input buffer (no latch
for input)

Single bit set/resst function for port C

When port C is defined as an output port, it is pos-
sible to set (to turn to high level) or reset (to turn to
low level) any one of 8 bits individually without affect-
ing other bits.
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OPERATIONAL DESCRIPTION
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Control Logic
Operations by addresses and control signals, e.g., read and write, etc. are as shown in the table below:
Operation A1 | A0 | CS |WR | RD Operation
[} 0 0 1 0 Port A —Data Bus
input 1] 1 V] 1 0 Port B - Data Bus
1 0 0 1 0 Port C —Data Bus
0 0 0 [} 1 Data Bus > Port A
Output 0 1 0 0 1 Data Bus —Port B
1 0 0 0 1 Data Bus +Port C
Control 1 1 0 V] 1 Data Bus = Control Register
1 1 1] 1 4] Illegal Condition
Others X x 1 x x Data bus is in the high impedance status.
Setting of Control Word
The control register is composed of 7-bit latch circuit and 1-bit flag as shown below.
Group A Control Bits Group B Control Bits
D, D¢ Dg D4 D3 Dy Dy Do
L» Definition of input/
output of low order ? : ?mptul
4 bits of port C. npu
———= Definition of input/
output of 8 bits of ? = lo‘"'”"
port B = Input
~————————————= Mode definition 0 = Mode 0
of group B 1 = Mode 1
‘
Definition of input/
output of high order {0 = Output
4 bits of port C nput
Defi of input/ _
output of 8 bits of - ? : ?""“'
port A = Input
—= Mode definition of group A
Control word identification flag Dg | Ds Mode
Be sure to set 1 for the control
word to define a mode and input/ 0l0 Mode 0
output. 0|1 Mode 1
(When set to 0, it becomes the
control word for bit set/reset.) 1]x Mode 2
P ion for mode Bit Set/Reset Function

The output registers for ports A and C are cleared

' to ¢ each time data is written in the command register
and the mode is changed, but the port B state is un-

defined.

PC-DI0-24 User Manual

When port C is defined as output port, it is possible

next page.

C-10

1o set (sat output to 1) or reset (set output to 0) any
one of 8 bits without affecting other bits as shown
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D, Ds | Ds | D4 D3 | D Dy | Do
L Definition of set/reset 0 = Reset
for a desired bit 1= Set
———
bDi:fmmtm of PortC |Dj3 |D; |Dy
to be set or PCo 0o|0}|0
reset pc; [ofo ]
[
Don't Care PC, of(1]|o0
PCjy 0 (1|1
L——= Control word identification flag PC4 1/0]o0
Be sure to set to O for bit set/
reset, PCs 1 /0|1
(When set to 1, it becomes the PCs 1]1]0
control word to define a mode PC, 1 1 1
and input/output.)

Interrupt Control Function

When the MSM82C55A is used in mode 1 or
mode 2, the interrupt signal for the CPU is provided.
The interrupt request signal is output from port C. When
the internal flip-flop INTE is set beforehand at this time,
the desired interrupt request signal is output. When it
is reset beforehand, however, the interrupt request sig-
nal is not output. The set/reset of the internal flip-flop
is made by the bit set/reset operation for port C virtually.

Bit set = INTE is set = Interrupt allowed
Bit reset = INTE is reset = Interrupt inhibited

Operational Description by Mode

1. Mode 0 (Basic input/output operation)
Mode O makes the MSM82C55A operate as a bas-
ic input port or output port. No control signals such
as interrupt request, etc. are required in this mode.
All 24 bits can be used as two-8-bit ports and two
4-bit ports. Sixteen combinations are then possible
for inputs/outputs. The inputs are not latched, but

the outputs are.

ﬂ Control Word

Group A Group B
Tvee D7|Dg|Ds|D4|Ds Dy Dy Do | Pota [HishOmderdBits) porg | Low Order 4 Bits
1 1/0/0/{0|O0|O0|O0]O Output Output Output Output
2 1 oj0|0|0O o|o 1 Output Output Output Input
3 1/]0(f0j0jO0O|O| 1|0 Output Output Input Output
4 1 ojo|o0|oO0}jO0 |1 1 Output Output Input Input
5 1{0/0|0ft1t|O0]|O]|O Output Input Output Output
6 Tt|]ojo0jof1(|(O0]O]|1 Output Input Output Input
7 1/j]0(0|jO0|1T|O]|1]0O Output Input Input Output
8 1/]0(0[0]|1{0]1 1 Output Input Input Input
9 17]0|0|1/0(0|O0|0O Input Output Output Output
10 1 oo 1 ojo]|oO 1 Input Output Output Input
11 1 o|{0 |1 oo {1 (1] Input Output Input Output
12 1 o]0 1 [ 1 1 Input Output Input Input
13 1{ojo0|(1|[1|0]jO0f|O Input Input Output Output
14 1 oo 1 1 o0 1 Input Input Output Input
15 1 o| o0 1 1 0 1 (1] Input Input Input Output
16 1/0(0|1 110(1 1 Input Input Input Input

Note: When used in mode O for both groups A and B
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2. Mode 1 {Strobe input/output operation)

In mode 1, the strobe, interrupt and other control
signals are used when input/output operations are
made from a specified port. This mode is available
for both groups A and B In group A at this time,

—=& |/0-MSM82C55A-2RS/GS/VJS m

and low level at the falling edge of the RD when
the INTE is set.

INTEA of group A is set when the bit for PCq is
set, while INTEg of group B is set when the bit

for PC, is set.
porlx Ais used as the data line and port C as the con- Following is a description of the output opera-
trol signal. tion of mode 1.

Following is a descrption of the input operation in

mode 1.

STB (Strobe input)

When this signal is low level, the data output
from terminal to port is fetched into the internal
latch of the port. This can be made independent
from the CPU, and the data is not output to the
data bus until the RD signal arrives from the
CPU.

IBF (Input buffer full flag output)

e This is the response signal for the STB. This
signal when turned to high level indicates that
data is fetched into the input latch. This signal
turns to high level at the falling edge of STB and
to low level at the rising edge of RD

INTR (interrupt request output)

-® This is the interrupt request signal for the CPU
of the data fetched into the input latch. It is in-
dicated by high level only when the internal INTE
flip-flop is set. This signal turns to high level at
the rising edge of the STB (IBF = 1 at this time)

a‘: (Output buffer full fisg output)
This signal when turned to low level indicates
that data is written to the specified port upon
receipt of the WR signal from the CPU. This sig-
nal turns to low level at the rising edge of the
WR and high level at the falling edge of the ACK.

ACK (Acknowledge input)

® This signal when turned to low level indicates
that the terminal has received data.

INTR (interrupt request output)

® This is the signal used to interrupt the CPU when
a terminal receives data from the CPU via the
MSM82C55A-5. It indicates the occurrence of
the interrupt in high level only when the inter-
nal INTE flip-flop is set. This signal tums to high
level at the rising edge of the ACK (OBF = 1 at
this time) and low level at the falling edge of WR
when the INTEg is set.
INTEA of group A is set when the bit for PCg
is set, while INTEg of group B is set when the
bit for PC; is set.

Mode 1 Input Mode 1 output
(Group A) s (Group A) .
PA7 PA,
ol af? - T
('NTEA]  PAo |INTER| PAo
br— Cormmd
PC4 |- 5TBA PC; fe OBFA
PCs [=—18Fa PCs |=— ACTKA
RD — ™ WR ——ei
PCy |= INTRA PCs f= INTR,
B
(Group 8) 8 {Group B) 8
PB.
r==1 . Cz] F——
=INTEB= PBo i H !
Loed |INTEg| PBgy
=5 | S—
pC, [~ 5TBg
PCy [ OBFg
PC IBF, —_—
1 B C,y = AtKg
— —
RD PCo }= INTRg WR —= ‘
PCo = INTRg
Note: Aithough belonging to group B, PC; operates
as the control signal of group A functionally.
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Port C Function Allocation in Mode 1

Appendix C
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c".',?:",’,'/'g:{',ﬂ: Group A: Input Group A: Input Group A: Output Group A: Output
Port C Group B: Input Group B: Output Group B: Input Group B: Output
PCo INTRg INTRg INTRg INTRg
PC, IBFg OBFg I18Fg OBFg
PC; §TBg ACKg STBg ACKg
PC; INTRA INTRA INTRA INTRA
PCq STBA §TBa 1/0 110
PCs IBF o IBFp 10 /0
PCq 110 110 ACKa ACKa
PCy 10 110 OBFp OBF A

Note:

1/0 is a bit not used as the control signal, but it is available as a port of mode 0.

Examples of the relation between the control words and pind when used in mode 1 is shown below:
(a) When group A is mode 1 output and group B is mode 1 input.

D, Dg Ds

Dg D3

D Dy

Do

Control word 1 0 1

o || 1 1

X

Selection of 1/0
of PC4 and PCg
when not defined
as a control pin.

1= Input
0 = Output

8
PA;~PAg =

PCy|-= OBF,
PCo = mA
PC3|—= INTRp
PCq4, PCg = 1/O (
PB,~PBg "%‘
PCy = S—TBB
PC; [~= IBFg
PCo= INTRg

L As all of PCy~PC;

Group A: Mode 1 output
Group B: Mode 1 input

bits become a control
pin in this case, this
bitis “Don’t Care”.
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(b) When group A is mode 1 input and group B is mode 1 output.

D; Dg Ds Dy D3 D D

Do

1 0 1 1 1/0 1

0

X

8
PA;~PAg =t

PC4f=— STBa
PCs—= IBFp

3
f

PCg. PCy ' 1o
PB7~PBo|re
PCi|—= OBFg

3
!

PC3 | INTRA

PCy|=— ACKg
PCo[—= INTRg

;— Selection of 1/0 of PC6

and PC7 when not de-
fined as a control pin

{

1 = input
0 = Output

Group A: Mode 1 input
Group B: Mode 1 output

3. Mode 2 (Strobe bidirectional bus 1/0 )
In mode 2, it is possible to transfer data in 2 direc-
tions through a single 8-bit port. This operation is
akin to a combination between input and output
operations. Port C waits for the control signal in this
case, too. Mode 2 is available only for group A,
however.

Next, a description is made on mode 2.

OBF {Output buffer full flag output)
This signal when turned to low level indicates
that data has been written to the internal out-
put latch upon receipt of the WR signal from the
CPU. At this time, port A is still in the high im-
pedance status and the data is not yet output
to the outside. This signal turns to low level at
the rising edge of the WR and high level at the
falling edge of the ACK.

ACK (Acknowledge input)

® When a low level signal is input to this pin, the
high impedance status of port A is cleared, the
buffer is enabled, and the data written to the in-
ternal output latch is output to port A. When the
input returns to high level, port A is made into
the high impedance status.

PC-DI0-24 User Manual Cc-14

STB (Strobe input}

When this signal tumns to low level, the data out-
put to the port from the pin is fetched into the
internal input latch. The data is output to the
data bus upon receipt of the RD signal from the
CPU, but it remains in the high impedance sta-
tus until then.

|BF {Input buffer full flag output)

This signal when turned to high level indicates
that data from the pin has been fetched into the
input latch. This signal turns to high level at the
falling edge of the STB and low level at the ris-
ing edge of the RD.

INTR (Interrupt request output)
® This signal is used to interrupt the CPU and its

operation in the same as in mode 1. There are
two INTE flip-flops internally available for input
and output to select either interrupt of input or
output operation. The INTE1 is used to control
the interrupt req for output ion and
it can be reset by the bit set for PC6. INTE2 is
used to control the interrupt request for the in-
put operation and it can be set by the bit set for
PC4.
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Mode 2 1/O Operstion Port C Function Aliocation in Mode 2
Port C Function
PCo
PC3 INTRA PC Confirmed to the
PA,]| & 1 group B mode
nd cz: PC,
PAg PCs INTRA
——m | PC7 [ OBFp PC, STBA
! ] J—
TNTE [ PC f=— ACKA PCs 18FA
- PCq ACKA
. PC, OBFa
WR—™ ~==
RD — 'INTE,: PC4=—— STBp o .
| S—— Following is an example of the relation between the
PCs|—= IBFp control word and the pin when used in mode 2.
When input in mode 2 for group A and in mode 1
for group B.

Dy Ds¢ Ds D4 D Dy D, Do
1 1 X X X 1 1 X

When group A is set to _j

mode 2, this bit is
treated as ‘“Don‘t Care”’.

As all of 8 bits of port C be-
come control pins in this
case, D3 and DO bits are
treated as ‘“Don‘t Care"’.

No /0 specification is required
for mode 2, since it is a bidirec-
tional operation. This bit is
therefore treated as “Don’t Care”.

PC3 —8-- INTRA
PA,~PAgy
PCy|——= OBFp

PCg |=—— ACKA
PC4|=—— STBa
PCs[——= IBFp

8
RD ——= PB7~PBg [
PCy STBg
WR ——= PCy |— I1BFg Group A: mode 2 )
PCol—= INTRR Group B: mode 1 input
342
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4. When Group A is Different in Mode from Group B
Group A and group B can be used by setting them
in different modes each other at the same time.
When either group is set to mode1 or mode 2, it is

(Mode combinations that define no control bit at port C)

possible to set the one not defined as a control pin
in port C to both input and output as a port which
operates in mode O at the 3rd and Oth bits of the
control word.

G A G 8 Port C
rou| rou|
P P PC, | PCe¢ | PCs | Pcs | PCs | PCa | PCy | PCo
1 m:: ' | Modeo | Vo | wo | i1BFs | 5TBa |INTRA| WO | WO | WO
g | ModeO | o |OBFA |ACRA | WO | WO |INTRA| WO | wo | wo
output
3 | Modeo :‘:; | wo | wo | wo | wo | wo |STBg | 1BFg |INTRg
4 | Moo | Mde' | o | yo | wo | wo | wo |AcCkg | OBFg | INTRg
output
Mode 1 Mode 1 p— J—
INTR
5 | o b wo | wo | 18Fa | STBA | INTRA | 5TBg | 1BFg 8
Mode 1 Mode 1 —_— —_—
INT
6 | oo Mode! | wo | wo | isFa | STBs |INTRA | ACRg | DBFe | INTRS
Mode 1 Mode 1 —_— —_—
INTR
7 | Model | Mol | GBFa |ACRa | WO | WO |INTRA | STBg | I8Fs 8
Mode 1 Mode 1 — —_— —
F R
g | Model | Mede! | OBFa |ACRa | WO | WO |INTRA | ACRg | OBFs | INTR
o | Mode2 | Modeo | OBFA | ACKa | 1BFA | 5TBA |INTRA| WO | 1O | WO
- o

Controlied at the 3rd bit (D3)
of the control word

When the I/0 bit is set to input in this case, it is pos-
sible to access data by the normal port C read
operation.

When set to output, PC7 ~ PC4 bits can be ac-
cessed by the bit set/reset function only.
Meanwhile, 3 bits from PC2 to PCO can be accessed
by normal write operation.

Controlled st the Oth bit (DO)
of the control word

The bit set/reset function can be used for all of
PC3 ~ PCO bits. Note that the status of port C
varies ing to the ination of modes like
this.
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Appendix C OKI 82C55A Data Sheet

& 1/0-MSM82C55A-2RS/GS/VJS =

5. Port C Status Read bus status signal can be read out by reading the
When port C is used for the control signal, that is, content of port C.
in either mode 1 or mode 2, each control signal and The status read out is as follows:
Status read on the data bus
Group A Group B
D, D¢ Ds D4 D3 D, Dy Do
1 ::‘;:: ' | Modeo | 1o 10 | 1BFA |INTEA |[INTRA | 1O 110 110
Mode 1 ===
2 output Mode 0 OBFp | INTEp 170 /0 INTRA 110 1/0 110
3 .| Modeo ::::: "I wo | wo | wo | wo | wo |inTeg| 18Fg | INTRg
Mode 1 J—
4 Mode 0 output 10 1o 110 110 110 | INTEg | DBFg | INTRg
Mode 1 Mode 1
5 input input 110 110 IBFA |INTEA | INTRA | INTER | IBFg | INTRg
Mode 1 Mode 1 —
6 input output 1o 110 IBFA |INTEA | INTRA | INTEg | OBFg | INTRg
Mode 1 Mode 1 ==
7 output input OBFA |INTEp | 1O /0 | INTRA | INTEg | IBFg | INTRg
Mode 1 Mode 1 — —_

8 output output | OBFA | INTEA | 1/O /0 | INTRp | INTEg | OBFg | INTRg
9 Mode 2 Mode 0 OBFp | INTE, IBF 5 INTE2 | INTRp 110 1/0 /0
10 Mode 2 m:: ! OBFp | INTE4 IBFA | INTE2 (INTRp | INTEg | IBFg | INTRg

Mode 1 === —
1 Mode 2 output | OBFA [ INTE1 | IBFA | INTE; | INTRA | INTEg | OBFg | INTRg
E 6. Reset of MSM82CS5A becomes the input mode at a high level pulse above
Be sure to keep the RESET signal at power ON in 500 ns.

the high level at least for 50 us. Subsequently, it

Note:

MSMB82C55A-5

After a write command is executed to the command register, the internal latch is cleared in PORTA PORTC. For
instance, OOH is output at the beginning of a write command when the output port is assigned. However, if PORTB
is not cleared at this time, PORTB is unstable. In other words, PORTB only outputs ineffective data (unstable value
according to the device) during the period from after a write command is executed till the first data is written to
PORTB.

MSMB82C55A-2
After a write is to the register, the internal latch is cleared in All Ports(PORTA,PORTB, PORTC).

OOH is ontput at the beginning of a write command when the output port is assigned.
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Appendix D

Customer Communication

For your convenience, this appendix contains forms to help you gather the information necessary
to help us solve technical problems you might have as well as aform you can use to comment on
the product documentation. Filling out a copy of the Technical Support Form before contacting
National Instruments helps us help you better and faster.

National Instruments provides comprehensive technical assistance around the world. Inthe U.S.
and Canada, applications engineers are available Monday through Friday from 8:00 am. to
6:00 p.m. (central time). In other countries, contact the nearest branch office. Y ou may fax

guestionsto us at any time.

Corporate Headquarters

(512) 795-8248

Technical support fax: (800) 328-2203
(512) 794-5678

Branch Offices Phone Number
Australia 039 879 9422
Austria 0662 4579900
Belgium 02 75700 20
Canada Ontario) 519 622 9310
Canada (Quebec) 514 694 8521
Denmark 4576 26 00
Finland 90 527 2321
France 148142424
Germany 089 741 31 30
Hong Kong 2645 3186

Italy 02 48301892
Japan 035472 2970
Korea 02 596 7456
Mexico 95 800 010 0793
Netherlands 03480 33466
Norway 32848400
Singapore 2265886

Spain 91 640 0085
Sweden 087304970
Switzerland 056 2051 51
Taiwan 02 377 1200
U.K. 01635 523545

© National Instruments Corporation D-1

Fax Number
0398799179
0662 45 79 90 19
02 757 03 11
519 622 9311
514 694 4399
45767111
90 502 2930
148142414
089 714 60 35
2686 8505

02 48301915
035472 2977
02 596 7455
05 404 0890
03480 30673
32848600
2265887

91 640 0533
08 73043 70
056 20 51 55
02 737 4644
01635 523154
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Technical Support Form

Photocopy this form and update it each time you make changes to your software or hardware, and use the compl eted
copy of thisform as areference for your current configuration. Completing this form accurately before contacting
National Instruments for technical support helps our applications engineers answer your questions more efficiently.

If you are using any National Instruments hardware or software products related to this problem, include the
configuration forms from their user manuals. Include additional pagesif necessary.

Name

Company

Address

Fax (___) Phone (___)

Computer brand Model Processor

Operating system

Speed MHz RAM MB Display adapter
Mouse yes no Other adaptersinstalled
Hard disk capacity MB Brand
Instruments used
National Instruments hardware product model Revision

Configuration

National Instruments software product Version

Configuration

The problem is

List any error messages

The following steps will reproduce the problem




PC-DI0O-24 Hardwar e and Software
Configuration Form

Record the settings and revisions of your hardware and software on the line to the right of each item. Completea
new copy of thisform each time you revise your software or hardware configuration, and use thisform asa
reference for your current configuration. Completing this form accurately before contacting National Instruments
for technical support helps our applications engineers answer your questions more efficiently.

National I nstruments Products

. PC-DIO-24 Revision

. Base I/0O Address of PC-DIO-24
(Factory Setting—hex 210)

. Interrupt Enable Line of PC-DIO-24
(Factory Setting—PC4)

. Interrupt Level of PC-DIO-24
(Factory Setting-5)

. Handshaking Mode
(mode 0, mode 1, mode 2)

. NI-DAQ or LabWindows/CVI Version

Other Products

. Computer Make and Model

. Microprocessor

. Clock Freguency

. Type of Video Board Installed

. DOS Version

. Programming Language

. Programming Language Version

. Other Boardsin System

. Base /O Address of Other Boards

. Interrupt Enable Line
of Other Boards

. Interrupt Level of Other Boards




Documentation Comment Form

National Instruments encourages you to comment on the documentation supplied with our products. This
information helps us provide quality products to meet your needs.

Title:  PC-DIO-24 User Manual
Edition Date: September 1995

Part Number: 320288B-01

Please comment on the compl eteness, clarity, and organization of the manual.

If you find errors in the manual, please record the page numbers and describe the errors.

Thank you for your help.
Name

Title

Company

Address

Phone ( )

Mail to: Technical Publications
National Instruments Corporation
6504 Bridge Point Parkway, M S 53-02
Austin, TX 78730-5039

Fax to:

Technical Publications

National Instruments Corporation
MS 53-02

(512) 794-5678



Glossary

Prefix M eaning Value

M- micro- 106
m- milli- 10-3
K- kilo- 103
M- mega- 106

° degrees

Q ohms

% percent

A amperes

AWG American Wire Gauge

BCD binary-coded decimal

C Celsius

DMA direct memory access

hex hexadecimal

Hz hertz

in. inches

lin input current

lout output current

kbytes 1,024 bytes

LSB least significant bit

MB megabytes of memory

m meters

MSB most significant bit

PPI programmable peripheral interface

Rext external resistance

S seconds

SSR solid-state relay

Vv volts

Vet external volt

VDC volts direct current

© National Instruments Corporation Glossary-1
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| ndex

Special Characters
+5V signd (table), 2-7

82C55A Programmable Peripheral Interface.

See OK| 82C55A Programmable
Peripheral Interface.

A

ACK* signal
description (table), 2-8
mode 1 output timing, 2-10
mode 2 bidirectional timing, 2-11
address, setting. See base 1/0 address.
address decoder, 3-2

B

base I/0 address
example switch settings (table), 2-3
factory settings (table), 2-1
setting, 2-2 to 2-3
block diagram of PC-DIO-24, 3-1
board configuration. See configuration.
bus transceivers, 3-2

C

cables, custom, 1-4 to 1-5
configuration, 2-1to 2-5. See also
installation; signal connections.
jumper and switch settings, 2-1 to 2-5
base I/O address settings, 2-1 to 2-3
factory settings, (table), 2-1
interrupt enable settings, 2-4
interrupt level settings, 2-4 to 2-5
parts locator diagram, 2-2
control words
control-word formats (figure), 4-4
mode 1 strobed input (figure), 4-7
mode 1 strobed output (figure), 4-9
mode 2 bidirectional bus (figure), 4-12
Port C set/reset control words

© National Instruments Corporation

(table), 4-5
custom cables, 1-4 to 1-5
customer communication, xiii, D-1

D

DATA signd
description (table), 2-8
mode 1 input timing, 2-9
mode 1 output timing, 2-10
mode 2 bidirectional timing, 2-11
digital I/O connector, 3-2
digital I/0 specifications, A-1
digital logic level specifications
input signals (table), A-1
output signals (table), A-1
documentation
conventions used in manual, xii
National Instruments
documentation, xii-Xiii
organization of manual, xi-xii
related documentation, xiii

E

environment specifications, A-1
equipment, optional, 1-4 to 1-5

F

fax technical support, D-1
fuse, replacement, 2-7

G

getting started with PC-DI10-24, 1-2
GND signal (table), 2-7
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Index

IBF signal
description (table), 2-8
mode 1 input timing, 2-9
mode 2 bidirectional timing, 2-11
IBFA bit, Port C, 4-8, 4-12
IBFB hit, Port C, 4-8
installation. See also configuration.
procedure for, 2-5
unpacking the PC-DI10O-24, 1-6
INTEL bit, Port C, 4-12
INTEZ2 bit, Port C, 4-13
INTEA bit, Port C, 4-8, 4-10
INTEB bit, Port C, 4-8, 4-10
interrupt control circuitry, 3-2
interrupt enable
factory settings (table), 2-1
jumper settings (figure), 2-4
setting, 2-4
interrupt handling, 4-15 to 4-16
interrupt enable signals for al mode
combinations (table), 4-16
recommended jumper settings for
W1, 4-16
interrupt level
factory settings (table), 2-1
jumper setting (figure), 2-4
settings, 2-4 to 2-5
interrupt programming examples, 4-14
to 4-15
INTR signa
description (table), 2-8
mode 1 input timing, 2-9
mode 1 output timing, 2-10
mode 2 bidirectional timing, 2-11
INTRA bit, Port C, 4-8, 4-10, 4-13
INTRB bit, Port C, 4-8, 4-10
1/O bit, Port C, 4-8, 4-10, 4-13
|/O connectors
digital 1/O connector, 3-2
pin description (figure), 2-6, B-1

J

jumper and switch settings, 2-1 to 2-5
base I/O address settings, 2-1 to 2-3
factory settings, (table), 2-1

PC-DIO-24 User Manual

Index-2

interrupt enable settings, 2-4
interrupt handling, 4-15 to 4-16
recommended jumper settings for
W1, 4-16
interrupt level settings, 2-4 to 2-5

L

LabVIEW and LabWindows/CVI
application software, 1-2

M

manual. See documentation.

mode O basic1/0O, 4-5to 4-7
configurations (table), 4-6
overview, 4-5
programming example, 4-6 to 4-7
purpose and use, 4-2

mode 1 input timing, 2-9

mode 1 output timing, 2-10

mode 1 strobed input, 4-7 to 4-9
control words written to CNFG register

(figures), 4-7

Port C pin assignments (figure), 4-8
Port C status-word bit definitions, 4-8
programming example, 4-9
purpose and use, 4-2

mode 1 strobed output, 4-9 to 4-11
control words written to CNFG register
(figure), 4-9to 4-10
Port C pin assignments (figure), 4-11
Port C status-word bit definitions, 4-10
programming example, 4-11
purpose and use, 4-2

mode 2 bidirectional bus, 4-12 to 4-14
control word written to CNFG Register
(figure), 4-12
Port C pin assignments (figure), 4-13
Port C status-word bit definitions, 4-12

to 4-13

programming example, 4-13 to 4-14
purpose and use, 4-2

mode 2 bidirectional timing, 2-11
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N

NI-DAQ driver software, 1-3

O

OBF* signa
description (table), 2-8
mode 1 output timing, 2-10
mode 2 bidirectional timing, 2-11
OBFA* hit, Port C, 4-10
OBFB* hit, Port C, 4-10, 4-12
OKI 82C55A Programmable Periphera
Interface
capabilities, 1-1
data sheet, C-1to C-17
modes of operation, 4-1 to 4-2
mode 0, 4-2
mode 1, 4-2
mode 2, 4-2
single bit set/reset feature, 4-2
overview, 3-2
optional equipment for PC-DIO-24, 1-4
to 1-5

P

PA<7..0> signal (table), 2-7
parts locator diagram, 2-2
PB<7..0> signad (table), 2-7
PC 1/0 channel control circuitry, 3-2
PC<7..0> signal (table), 2-7
PC-DIO-24
block diagram, 3-1
custom cables, 1-4to 1-5
driving SSR-OAC-5 or SSR-OAC-5A
(note), 1-1
getting started, 1-2
interfacing with other devices, 1-1
optional equipment, 1-4 to 1-5
overview, 1-1to 1-2
parts locator diagram, 2-2
software programming choices, 1-2.
tol1l-4
LabVIEW and LabWindows/CVI
application software, 1-2
NI-DAQ driver software, 1-3

© National Instruments Corporation

Index

register-level programming, 1-4
theory of operation, 3-1to 3-2
unpacking, 1-6
physical specifications, A-2
Port C
pin assignments
description, 2-7
mode 1 input (figure), 4-8
mode 1 output (figure), 4-11
mode 2 bidirectional bus
(figure), 4-13
signal assignments (table), 2-7
set/reset control words (table), 4-5
status-word bit definitions
mode 1 strobed input, 4-8
mode 1 strobed output, 4-10
mode 2 bidirectional bus (figure),
4-12t0 4-13
power requirements (from PC I/O
channdl), A-2
programming. See register-level
programming.

R

RD* signal
description (table), 2-8
mode 1 input timing, 2-9
mode 2 bidirectional timing, 2-11
register-level programming, 4-1to 4-16
82C55A modes of operation, 4-1to 4-2
compared with other software
options, 1-4
interrupt handling, 4-15to 4-16
interrupt enable signals for all mode
combinations (table), 4-16
interrupt programming examples, 4-14
to 4-15
mode 0 basic 1/0, 4-5to 4-7
configurations (table), 4-6
overview, 4-5
programming example, 4-6 to 4-7
mode 1 strobed input, 4-7 to 4-9
control words (figures), 4-7
Port C pin assignments (figure), 4-8
Port C status-word bit
definitions, 4-8
programming example, 4-9
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Index

mode 1 strobed output, 4-9 to 4-11
control words written to CNFG
register (figure), 4-9 to 4-10
Port C pin assignments (figure), 4-11
Port C status-word bit
definitions, 4-10
programming example, 4-11
mode 2 bidirectional bus, 4-12 to 4-14
control word written to CNFG
Register (figure), 4-12
Port C pin assignments (figure), 4-13
Port C status-word bit definitions,
4-12 t0 4-13
programming example, 4-13 to 4-14
register descriptions, 4-3to 4-5
control word formats (figure), 4-4
Port C set/reset control words
(table), 4-5
single-bit set/reset feature, 4-4 to 4-5
register map, 4-3

S

signa connections
descriptions (table), 2-7
I/O connector pin description
(figure), 2-6
Port C pin assignments
description, 2-7
signal assignments (table), 2-7
timing specifications, 2-8 to 2-11
mode 1 input timing, 2-9
mode 1 output timing, 2-10
mode 2 bidirectional timing, 2-11
signals (table), 2-8
single bit set/reset feature
OKI 82C55A Programmable Peripheral
Interface, 4-2
Port C set/reset control words
(table), 4-5
software programming choices, 1-2 to 1-4.
See also register-level programming.
LabVIEW and LabWindows/CVI
application software, 1-2
NI-DAQ driver software, 1-3
specifications
digital 1/0, A-1
digital logic levels, A-1

PC-DIO-24 User Manual

environment, A-1
physical, A-2
power regquirements (from PC 1/0O
channel), A-2
transfer rates, A-2
SSR-OAC-5 and SSR-OAC-5A output
modules, driving with PC-DIO-24
(note), 1-1
STB* signa
description (table), 2-8
mode 1 input timing, 2-9
mode 2 bidirectional timing, 2-11
switch settings. See jumper and
switch settings.

T

technical support, D-1
theory of operation, 3-1to 3-2
82C55A Programmable Peripheral
Interface, 3-2
address decoder, 3-2
block diagram, 3-1
bus transceivers, 3-2
digital 1/0 connector, 3-2
interrupt control circuitry, 3-2
PC 1/0O channel control circuitry, 3-2
timing specifications, 2-8 to 2-11
mode 1 input timing, 2-9
mode 1 output timing, 2-10
mode 2 bidirectional timing, 2-11
signals (table), 2-8
transfer rate specifications, A-2

U

unpacking the PC-DI10-24, 1-6

wW

WR* signal

description (table), 2-8

mode 1 output timing, 2-10
mode 2 bidirectional timing, 2-11
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